12 United States Patent

Kinoshita

US011687099B2

US 11,687,099 B2
Jun. 27, 2023

(10) Patent No.:
45) Date of Patent:

(54) BOAT AND TRIM ANGLE CONTROL
METHOD FOR BOAT

(71) Applicant: YAMAHA HATSUDOKI
KABUSHIKI KAISHA, Iwata (JP)

(72) Inventor: Yoshimasa Kinoshita, Shizuoka (JP)

(73) Assignee: YAMAHA HATSUDOKI
KABUSHIKI KAISHA, Shizuoka (JP)

(*) Notice: Subject to any disclaimer, the term of this

patent 1s extended or adjusted under 35
U.S.C. 134(b) by 156 days.

(21)  Appl. No.: 17/063,738

(22) Filed: Oct. 6, 2020
(65) Prior Publication Data
US 2021/0141396 Al May 13, 2021
(30) Foreign Application Priority Data
Nov. 7, 2019  (IP) e, 2019-202505
(51) Imt. CL
GO05D 1/08 (2006.01)
B63H 21/14 (2006.01)
B63H 11/00 (2006.01)
B63H 21721 (2006.01)
B63H 11/113 (2006.01)
B63B 34/10 (2020.01)
(52) U.S. CL
CPC ......... GO05D 1/0875 (2013.01); B63H 11/00

(2013.01); B63H 117113 (2013.01); B63H
21714 (2013.01); B63H 21/21 (2013.01); B63B
34/10 (2020.02); B63H 2021/216 (2013.01)

,: ..::‘:ﬁ:f i ..:.
3 #:-';:5’-55.:"".:'-,-"“”“' T
;*"':'- '-:""'-'""' e :
wt -"_.ivr:l"'._'r_ '_i- ¥

(38) Field of Classification Search
CPC ... B63H 11/00; B63H 11/113; B63H 21/14;
B63H 21/21; GO5D 1/0875

See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

7,841,915 B2* 11/2010 Bourret ................ B63H 11/107
440/41

9,751,605 B1* 9/2017 Anschuetz ............. B63H 21/21
9,919,781 B1* 3/2018 Andrasko ............... B63B 79/10
9,926,062 B2* 3/2018 Anma ... B63H 23/08
10,118,682 B2* 11/2018 Anschuetz ............. B63H 20/10
10,829,190 B1* 11/2020 Pugh ...................... B63H 20/10
2008/0133075 Al* 6/2008 St-Pierre ................ B63H 11/08
701/21

FOREIGN PATENT DOCUMENTS

JP 5599480 B2 * 10/2014 ... B63H 11/08

JP 5599480 B2  10/2014

* cited by examiner

Primary Examiner — S. Joseph Morano
Assistant Examiner — Jovon E Hayes

(74) Attorney, Agent, or Firm — Keating and Bennett,
LLP

(57) ABSTRACT

A boat includes a propulsion device that generates, by
driving of an engine, a propulsive force to propel a boat
body, a trim changer that changes a trim angle of the boat
body, a trim actuator that drives the trim changer, and a
controller configured or programmed to control operation of
the trim actuator based on a value corresponding to a change
in a boat speed.

20 Claims, 9 Drawing Sheets




U.S. Paten Jun. 27, 2023 Sheet 1 of 9 US 11,687,099 B2

5
3
5
1-'5 2
Y | . i .
Rttt 5\_\ : kidasase SARSaan-
;

VAN

)

P

%
J; ;’ : f- 1 .
S
S P
i b e
* i3 '
& ] a
. g ' f {
\ Z » '
) ; 4 *
L ' tﬂF} ;' g g
¥ T
u-#"";.. 2 gf
R jﬁf" i
.'1:_.. mlw'h?m*‘ﬂ }
" !
o vy iy (
:

NI e
S S S S e Wm.ﬂ“ﬂg

";;- - ﬁ h':t
" . R '..
S EA A EE, w .' ) '.'
Hlililliiiliiitiii-.._ a '-". ﬁ_.‘- ':* W
g {ﬁﬂﬂuwﬁ M- - :
- M. D 4 %
’ % wooemd B X 3 ;
-, L - . - . . . . . '*"_ . | 3
%TET:: : » -r.:... :J !-m.. adta L g, vl 1.':: el oy : g :. & ) : 1:'. ﬁﬂ.-l’
.. A .‘:'- v, . ';- Elt.i‘!l [FUPN, A W‘: . : : ¢
R vos Ty PNy RN g
-i'-ﬂi;##I---i-..--:i-:h-':i-'.'l-'l-_l-'l-'l-'l-'l-'l-'lr'lr_ . 'b:ﬂjﬂa;ﬂﬁété.i‘.i‘fﬂ-i."'i-'i'-i'.i'i'i.-i‘.'--dl.i-‘;.:klh-hb-----------.--ll-l-l-l-l-'i-'lr'i-'lr'i-' '#'bi- lri-i-i- E‘_'!-!!'!'#-‘#?#*"#.t'*:;i1'.;:-.l'l‘ll‘ll-l-l":l"l'l‘lr:?!-"}"l‘l"'*:FAP.F#}&*"'&'*:&'HWH‘P"“"“"""‘“'"‘""‘.‘-.-""""--.--:‘- -] ""_I‘"I.""""'"'""""'"‘"*"#"‘""""‘"'-'"".
- |3 -- r - = il a - [ ] .
W B B O o P Bl T l;:-:" - B Ll & : :‘ . . o e i i e e e T Tl Tl e Tl
el ol g oy o _rl' e g kaear llt.-.n_-_-_-_-_-Lt_h.h.-t_h_li:' L) .- . Pl
Aoty . :l ; _:_: 5! .- F ,: .- ey -
g, % et gheesenmbentt 2 v
. | KA. -
'q 1I:IIl":‘ L %:l:. .-a-""m. -'-i-":ﬂ':i--ﬁ':i- § oy :. ‘..".‘r has, :: :.'E:-:.“ . ;
ﬁ ) -_;::i"-_.‘ ' % f.;"' E:.uwmmmw&weéwma::ww RN ' " S o o ey "'"""’a'.‘ .::;. a .
-_,-""""’“' L Y ) et ate o st e e et g 'I‘iriri:-rlf-'i'a'ifi:s. L Ao SR
'."l-"'.__.-_l_ - e -F:,i:l-‘. . F r 5 2 5 { -:._.-_-._, n ) ' -.'gl' l.s_ . ) ’ . A ] - L
e 'H;gf“""f : i » 4 : # i, Mo vy ko ;fh . ; ol o " .
. e I i "“"":.."h*: Lo "' § % A - e ? 1..1.1.1..1_-_1_-*‘ o e, 5,, . . “atn Ea -'-'“ 1
' - " . . . - - L) L) '
i S R )

L
11-' _'-I'

EN{EiNG
o ?E | .;-.-‘r‘:*ﬁ'z_z

d_d _d_q

4

STEERING UNIT
g 2

4

4

4

4

—-;.'-‘_—-'-'-‘—-'Ir'-‘-'Ir‘lr‘-'Ir‘lr‘!-‘lr‘lr‘-'Ir‘lr‘!-‘lr‘lr‘!-‘lr'-'
R R R R R

T e e e e e e e e e e e e e e o ek ke

-"-"'-"-"-"-"'-“‘-"'-‘-‘-W—‘-‘-‘-WM‘-“‘-‘-‘-‘-‘-‘-‘-‘-‘-‘-‘-‘-‘-‘-* Frluy - N . : :
3 1-: "o .1 e R R 1,1...,1_1_1_1_1_1_1_1_1_1,1_1_1_1 etetnly
) r Ny y
- .r‘. . . .
L) .y , K : : : iy X
- y l L
. > . | 5 : .; A
LS "'. 1 - ) R LR "
LA ., 1 ) . R R ) ‘oa LR g ¥R RARY & L EAAAE .
- ) N - - . . i 1'-.'1'1'-.'1']" s . i
_#‘1‘!"‘I'!'!'I'IrlrlrlrlrI'!'!'I'lrlrlrlrlrlrI'.':lrlr_ﬂrl#_lrllr_lrllr_lrllr_lrllr_lrllr_lrllr_lrllr_lr.lr_lrllr_lrlllr_lr.ll'?' X :'!.lrllrllr.lr:lvg..‘u*l W Y AEREERERER '.ﬂf: N -

! ; "N 3 ) . . . ‘:

J | " _'_I . -i-. .. . _.‘

] - i f. . . -i. .. .= _.‘

: , PR s LV S W b v ¢ ¥

/] .- .... - LR X

C RN A A A A A A A e e t Attt 1 AU T N B RIS |
‘-lIIIIIIIIIIIIIIIIIIIII‘!‘I‘.‘IIII"!‘IIIIIIIII"IIII"I : i : .------'---1-----'-"""-'--'--*""'*""*'"""*""'*""'*""t .T""""""'"""""""""""'.'F
X : .
4 |
N 1 '.‘. u

]

141

"""‘ll:""‘""
r

- -I-:I-:ll-:l-:l-:ll-:l-:l:ll-

4

’ S -__--nri--_:t_:t'-'-nrnrnr-'-'nrnrnr-lrnr-h--nrnr-h-|r-|r|r-|r|r-|r-l-h-ir-|r-|r|rrrttrtrtttrtrttrttrrttr l-l-lrttl-l-ll-'-r-r'r-r'-rr-r-rr-r-l-r-r‘-r-r‘-r-l-‘-r-r‘-r-r‘-r-l-‘-r-r‘-r-r‘-r-l-‘-r-r‘-r-r‘-rr-r‘-r‘-!-‘-lr-r-r‘-lr-r-r-r-r#-

Mg

[ R e e o i T e B S S Bl Bl T Rl

B2 | w ]
L OPERATOR. 7 en LSYSTEM | 5o

P N NN E NN EEEEEEE.. ... Ewww e wwmwh ol e '
i m-;.---.-- _-J-_-_-;-_-;-_-;-_‘-;-_-;-‘-;--.._-._-‘_-.’}_- N -- - . e E .. -.i i.i i-i i.i i;i._lh:_lh._i;lh._ili._lh._ilillh._-i_il_-lh_lll_lll_lll_lll.:

PROPU LSEQ?% ME@HM‘%EEM

L S Y N N Y N RN NN A NN A N Y N S N Y Al A

LIy ) i 1'1'1.l._1.|.1._|'._'|.l._1.|.1'|.1.1'1'1'1'1'1.1

"'-c"'-"'-"'-" 'm'mtetete e e et et e e e e e e e e e e e et e e e e e e e e e

i e e e e e e e e e e e e e e e e e e e e e e e e e

€5
“hﬁg'
ot

P L S L L S S S L S S S S S S S S S S S S R S S R S R S N R S P .y | [ d_d
SN N LR RN RN AN R AR AR RN AR NE LN RN NN REREELLE LR RN LN LR NN NN R 'y -'.*-‘-‘-‘-‘-‘-‘-‘-‘-‘-‘- -‘-‘- EEEEEE T

'1‘1’.’.‘.’.’.‘.’.’.‘.’.j.t.T.T.t.j.j.t.j.’.t.'.'.'-'.'.f-'.'.'-'.'.'-'.'.'-'.'.'-'-'.'I'-'-'I'-'-'I'-'-'I'-'-'I'-'-'I"'ll'-"l'l-"-ll"-ll"'-ll"-I""-r"'-ll""-r"-r""-ll""'r""-r""-ll""-r""-r"'-ll"-|-""-ll""-ll""-|l""-|l""-ll""-|l""f‘i‘f‘f‘i‘i‘f‘i‘f‘l‘f‘f‘f‘f‘r‘f‘f‘f‘f"‘f‘f‘f‘f‘r‘f‘r‘f‘r‘f-r‘r‘r‘r‘r‘r‘r‘r‘r‘r‘r‘r‘r‘r‘r‘r‘r‘r‘r‘r‘r‘r‘r‘r‘r‘fﬂfl‘fffr‘ff!‘!‘}‘!‘b.b.b.b.b.b.=.~.=.~.~.~.=-.ﬁ.~.h.~.=.~.=.=-.-=-$

-‘-
k.
*.
k.
k.
*.
k.
-‘-
-‘-
k.
k.
*.
k.
F ] * R
L E % : .-
o : CX. » ;J“ﬁz
................................ |. » . X
E-' LA N S N N L L .‘I -': N A A e A NN NN Il-‘ : -.: :.
* Wﬁ%ﬂ%‘ﬂfﬁwﬁ%ﬂ%ﬁw—ﬁtﬂ? ::Il-i-'l-#-'h-'l-'i-'l .'l-'t-'h.'l.:l-'h-'l- g g g i e .:
L] ] r
] ro | |
E g g % % g g . E : ¥ o
: ' v . ., . o
. . ) L . 'l!'lr"!'lr'lr'!'lr' 't ':'lr'lr"!'lr'lr flr'lr"!' ..:.:»*lr'lr';‘:':r - - :"
: . x ) T it o  Fenia .
. Y . T : gl e, R o
ﬁ ’ P ‘ﬁﬂ § ﬁﬁd 15 SN N 3
* ‘ L8 ] s i LN
B Y _i . . = u
e e g B e B B B ': -h . R “l.‘ ::
. .
EE. 'f.&.&.&.&.ﬁ.&.&. L » T L L L O A O, o . -"a-"a-‘:a-‘:a-‘.l-‘.l-‘-I-‘.l.l.I-‘l-‘l-‘I-"a.l.I.l.l.l.l.l.I.l.l.I.l.l.I.l.'a.I.l.l.'a.'a.'a.'a.'a.'a.I.l.l.I.l.l.I.l.l.I.l.l.I.l.l.I.'a.'a.'a.'a.l.I.l.l.'a.l.l.l.'a-l:‘ .
Tk . . ) ..
* . :
* _ '%
- | ] - RN
' K é{
“n -r'-r'-r'-r'-r'-r_'-r.'-r.'-r.".‘-r.'-r_'!.'-.' A LA LLE AL il AL LAl LAl LAl il A AR LAl ll Al At i e ] :-r L A e N A N A R N N A o A N A e e A N AL AN Sl ol Sl ol S b Wl ol Sl A e al ol ot o Sl ol "-"-"-"-"-‘-r"-r::'
e )
, . .. . . o . !
STORAGE ; ‘
. | % . S 3 i
3L 3 eedi B30 ; =
_l-:'* ) . ) ) ,
L W aaﬂﬂﬂaaamﬂaafaaaaaaaaaaaaamﬂammimmhhnnhhhhhhmhhhhnqwu g B 8T8 848,88, > .
. ﬁ ol ol R i i :
. B R . . ﬁ . : A - : : - » ‘
L Y - ) » ey, : e ; : . X :
u .,: ,:, ) : . ) . !
: : X i L ) - ' ' ' . ..
] . * *
atattete' st trtatntn e tetnt e e tetn et e et e e e tn n ' n' a st tetete ' n ' atetn ' a ' n'n s 'n'n'n"n'n " a'n ' "n ' .' I 0 8 0 0 0 . ’ Lt_mﬁit‘“““i‘.‘t‘i‘.‘t‘i‘.‘t‘i‘.tt‘i‘-.t‘i.i‘t.i‘-. .i‘i.t‘iii‘t.i‘i.i‘i.i.t.iihii’* t
i- ‘wat ey e e e e e e e e e e e e e e e e e e e ll-‘Il'-'-'Il-_‘ll-_'ll-_‘ll-_'ll-_‘ll-_'ll-_‘ll-_'ll-_‘ll-_'ll-_‘ll_‘Il-_‘ll_'ll-_‘Il-_'ll-_‘ll-_'ll-_‘ll-_'ll-_‘Il-_'ll-_‘ll‘Il-_‘ll-_'ll-_‘ll-_'ll-_'ll-_'Il-_‘ll-_'ll-_‘ll-_'ll-_'ll-_‘Il-_‘ll-_‘ll-_‘Il-_‘ll-_‘ll-_‘ll-_‘ll-_‘ll-_‘Il-_‘ll-_‘ll-_‘Il-_‘ll-_‘ll-_‘ll_‘ll_‘ll-_'ll-_'ll-_'ll-_'ll-_'ll-_‘lr_'Il-_‘ll-_'ll-_‘ll-_'ll-_‘ll-_'ll-_‘ll-_'ll-_‘lr_'ll-_'ll-_ ey e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e -"-'-"-"-'-"-"-'-"-"-'-"-"-'-'-"-"-"-'-'-'-"-'-'-'- t
5
.-
.
.-
.'-
-i-"u-'a-'a-'a-'a-'a-h-'a-'a-h-'a-'a- T T T T T T T T T T N L -H-H-'a-'a-'a-'a-'a-'a-'a-'a-'a-'a-l-'a-l-'a-'a-'a-'a-'a-l-l-I-l-l-I-l-l-I-l-l.I-l-l-I-l-l-I-l-l-I-l-l-I-l-l-I-l-l-I-l-l-I-l-l-'a-'a-'a-'a-l-l-'a-'a-'a-H-H-H-H-E-H-H-H-H}



U.S. Patent

.I‘
il‘
g
§
’_l‘
"
fl
i'.‘
‘_I‘
’_l‘
i_l‘
‘_I‘
f.‘
i'.‘
‘_I‘
fl
i'.‘
‘_I‘
’_l‘
i_l‘
‘_I‘
fl
i'.‘
‘_I‘
’_l‘
i_l‘
’I‘
il‘
il‘
‘_I‘
fl
::
i:
"
%
‘_I‘
fl
i'.‘
‘_I‘
’_l‘
i'.‘
"
;
5
.
:‘:
%
'I
%
>
.I‘
{
"
i'.‘
‘_I‘
.
.
:_:
-
"
i'.‘
5
i'.‘
‘_I‘
5
_ll
.I
::
.I
.
.I
.
.i
.
.i
-
.i
-
.i
-
.i
-
.I
.
.i
"
.i
-
ri
-
.i
-
.i
-
.-
s
r-
"
r-.
.
L]
r‘

L |
L]
r‘
"

[ ]
L
)
"
.
)
"
.
)
n
.
s
n
r‘

L |
L]
r‘
s
"
r‘
L)
L)
I
L)
L)
K
K
A
)
K
A
)
K
A
)
K
A
)
K
.'I

A e e e e e e e e e e e e e e e e e e e e e e e e e e e et

FELLERLERS

Jun. 27, 2023 Sheet 2 of 9

P . . .
L S e - A
w4 B
* - 4_.-‘{,.- " . b F
-.\:i\:i:: . Tﬂ-‘-ﬂk‘.“::&;.‘é'. -i"-"'i". Rt ..:E.:. l".’.-

e SR

ﬂ@ﬁﬂmmm .f;:i:wmmMﬂMWﬂmm&»ﬂﬂWyk&ﬂrr:nm"w; .:_':‘:.:;::_-.f.i.baﬂ-ﬁw'@fq
P ‘#:.-“"‘ - - ‘-.-‘.;-.:-.'- [ *_:.I:-'k‘
", - T .
AT - L arwasamen e
) ‘.?“"""“""".‘."M. LA R R oy I.-‘:;.'-;
B Bt i-.."'-.“".l

., o
-5’& e Ma, ‘ﬁ.:;.ﬁ'. .
' o . .
. . T et
ol “""-‘.-. S
o g A
. o W K
nk " -
E'W - v, L e
- P it b SR i W ey
- .-'-‘J.‘L .:5:': - - » -‘ ""-__-'-l-_ -_.-l‘ '-|
.y
=P Py -ﬂif‘-'.'-:..i_'.::; t. o -
o lfl‘.: ._-_.4‘_*.“*- .TP
. i [ '
..:-:. . 'i';r e :"_--.‘i‘ . lf‘. .
. Tty il T - &
"i-. "Mrb.,:lm .:F'
s . - - . ¥
e et S XY
[ L] ‘-. . . . . » '_l-‘ [ ]
L i
" s
#‘l‘_-.. . Il'. . . .
e, s
"y g
Tp‘ﬁ_i‘-‘a. e e e u
'Wi'lr'l wia X

L

. -
LA
=

11
:?:. T

Ty

LI N I N J.'-qratq--,-ﬁ +.ﬁ .‘3
. - . . - =
N o W e -y A R A e e Ly o [ : . . ' Ve . "t i L,
e I, e e e e e e e AR "-“"."."."-‘.:.:.:‘:“&b' - it
g . . .‘ .

- x
e e e e e e e e e e e e e e e e 8, -.v$

TRIM ACTUATOR

o

St o -
e w T T e Wt
A s sy o
¥ . £ R
: .,-..‘:: &G . %_‘h‘ o o
L * S e, - .
! u ¥ '.'.:. * N .-f.';:¥-
H * oy T
* o ' F A T
- e e R
' i * ol N
* . T f‘
& ) i_._i i - . :.. . 3
¢ 3 o 3 ¥ N o
L& h :. ' *, e '?'?"'W*‘M“:‘ :
. L & - 4 -;.'_a ¥ .i:"} - W Ham®
-‘.- . . .'l.. . r. -
3 : § iy & 4 v ,5{ :
LY + PR v ‘A..v.'-' i s
- [ . r - ] - ]
3 N, e B Ol g e
:‘: . -r: 1: ‘..‘l L :‘ . i :::;_.-.I - . I..ﬁ"..'.--.:‘.:.‘:-e .
* e L e, e o
. % a e e -.-E*""'-l':*' S -
::: : :: .':-;,_,-.. - DO L g .:E, -"-..*_l..h‘-‘ -
i R X N
?-_-.-.-.-_-:i'* " A : . .'l.,',' .-:.
b » Nty —— .
i : et ¥
* 1 :
y :
.Ju "
; -
. i . .
> ' .
. :
4 4 .
. '
X 1
F L]
B :

£

€53
AT
4

US 11,687,099 B2

..................................... Al

Al ol

|

A4 4 4l 4l A

T R 5 N e e e e e e e e R R e e e e e e e e e e e e e e e e e e e e e e e e

4

4 4 4 4 4 d

4

4

4

Ir"lr‘l.r'lr'lrlrlrlrlrIrIrlrIrIrlrlrlrlrlrlr.lrIr_lrlrllrIr-Ir-lr------------.----_-"-.'-'-.'-'-'-"-'



U.S. Patent Jun. 27, 2023 Sheet 3 of 9 US 11,687,099 B2

Wﬁ‘#‘-"‘-‘-ﬂ‘-‘-ﬂ‘-ﬂ‘-ﬂi‘.‘-ﬂ‘t Pttt ettt et ettt ettt

mi}wmsgﬁgm ST%’?E ?@%3

Qﬁg?w‘?ﬁﬂ{}ﬁ OF s Mo < LiNe CONTINUGUSLY FOR TS
SEFLES?@ B2 L e AFTER FILTERING PROCESS OR
ottt e A B A S A8 A8 b -'-f-.,_,.____:_w E Q'Lg ST ﬁTE {: Q?’ é TEN d 'S GSL? O T
Ne 2 HNe CONTINUOUSLY
FOR T4 AFTER FILTERING
PROCESS ATH < DTH
hhhhhhhhhhhhhhhhhhhhhhh Yo GONTINUOQUSLY o e
Hzf‘ﬁmgpggg} STATE M1 FOR T DEGELERATION STATE m
YT YRRV EPVREVery «mm«mmkca
| ORIENTATION OF R _TORIENTATION OF 1
__ DEFLECTORBul | ATHZATH | DEFLECTOR: B4,
sttt CONTINUOUSLY
FORTY
T, 41h
gl - E/
|
..f.,-_.a;:;._-._-.-._-,_-._-, ............... wﬁﬁvmwwwt%ﬁ
{3 5 e
P H ,-f'%; :@’E &
{




U.S. Patent

ML

N W A W e e e e e e e e e e e i i i i il ol i e b e e e i i e O e o e vl'-r'-l-'vl'-l‘-r'l'-r'r'l'-r‘-r'-r‘-l'-l-‘ .

*..‘_.'..'..‘.‘..‘..‘..*'.'.‘.‘.‘..'.*'.‘.‘.".‘.‘.*.‘.HH%HHHHW%%%WWMWWM&W*WHJJHJHHJJHJ.'.'-'.'.'-'.'.'-'_.'_.‘_-'_.F. e L A AL L L R,
-_t-h-h-h-lrt-|r-||t-'-h-'t-lr'-ht-'tr-r't-r'tt'tt'tt'lrtlrtlr' ‘e
L N
g:; f
A

4

A4 4 4 4 _4_ 4 4 _4_4_4

' vl'-rr'tlrtlrtlrtlrll‘r‘l_#

ﬂ."..

f.l-l-l-l-l-l-l-l-l-'l.ﬂ._: -

N
E:
¥
it At i i T T i 1 1 B * i 1 i * o ™ o 1 I * . * i i * L e % R i F i it e e e e e e .- 1“
o -
-
3
=.-:-'-"§-:'-,.~. .
-ﬂ.-_ __-,,Jrr""'- """-'-p_'.-,‘ﬁ
L ‘-_:.i1“~
1.4,."" - "-'-I,.q
-.‘-..‘..-.i. ‘-h“-,-,.-,'
. ..-l. .
1-.'._..‘.'#'
" b #
."'-.l.‘_ -
"Ii"qli-_'.“‘ . . -_l"_'l'
. 'h"-. [N
".'Ili,.-l -_.‘"*.
S L R - 1
L, e
- .'-." ..ﬂ'
“‘"..-‘_'-i .."‘...1-.|.
.".. .
LY .
N
et -
- :" )
K oy
- _'.‘_..l-.'. ..'..i.‘*“;‘-‘
X Huta,e )
 aad ‘H--_‘,
e e R
'\--h:l"‘" L
l-h_'-."'-' ’ ,,.% .
o
E .
i
o
l_l- )
--"-'.‘_4‘ -
g . LW
l,,,-_-ﬁ-".r ..-'l""'.".-
e wa, e
' " e
o et
'F*l_-_ . -""'
* ""-_ﬁ;l.‘"‘.
-
* }
‘ VE‘S
‘ .
*
I‘-:-_'-"
] i

N A A A R I I I I Ty I I T T T T T T T T T T T T T T T T T I I

' -‘-F-*-F-‘-E‘-‘?

d -_-I -_'i .I -_-I -_l .-i -_-I

Jun. 27, 2023

ATHCDTH Y

»
e,
e, oo
‘i""."-. . : .‘-"'*"""I
b - o
"'!-I-_-._ -i-_|. . ' I_-"'.
‘-h"‘.._.-‘ ., .-‘. -'-
-
. -'- .
'..l;!."'-h' d ™ .‘1‘-*.-‘l-.-l
. q_"l'.- -‘1-".,_.__ .
; ‘.-_..-_! --‘#q
T ", -
q‘l':l'.' *i""*!
nga v
-.__'-u'. .
Fiag
‘}.
E p g
Pl Al
i : ettt .
'J!_'-i‘_:“"
A '.-'-'-=i_.| .-."-i-
. . L o -
"..'.'-.'.‘H l..l.-_l.""
T e A
' '-'ll_'..u 1w
S Sad

OF DeFLECTOR

FROM Bul 7O Bd3

CHANGE {}ﬁiﬁmfﬁxﬂﬁw 3

OF DEFLECTOR
LEROM Bds 10 Bud

Sheet 4 of 9

-‘.‘-‘-‘-‘-‘-‘ =

rod
CHANGE ORIENTATION B

4

Bt ol ot b ot 3l ot ot ot 2l ot oL 0t ot o o0 O

R AT N A T T A A S A N A N RN Y J_"::lk llﬂi-JI'JI-'-'-'-'-'-'-'-'-'r'l'-'-'-'ll-'-'-'-'-'-'-'-'-'ll-'-'-'-'-'-'-'-'l'-'-'-'-'-'-'-'Jr'n-'-'-'n-'n-'a-'n-'n-'n-'-'-'Jl-'-'-'-'-'n-'-'-'-'n-'n-'n-'-'l

27 NO

"'.q-"'-" s*utatutetelrtete e te tetetetetel e vl rts’

Rimsk§ BLAMOED PERIOD H

-‘-‘-‘r‘-‘-l-‘-l-‘-‘-l-‘-l-‘-‘-l-‘-l-‘-l-‘-l-'-l-

L "-I - -qil'.":

Aatetetetetetetete e et ntntn a e e e n et ntetet ntnte e et e t et e il ufuta et ‘-‘-‘-‘-‘-‘-%%‘-‘-‘-WM‘-‘-‘J-‘-‘-‘-‘-‘-‘-‘-‘-‘-‘

??‘ES&T EL&?%EQ FHERIOD 'F’

US 11,687,099 B2

. *‘33

o

T e
I.-'\.-'\.-'\.-'\.-'\.-'\.-'\.-'\.-'\.-'\.-'\.-'\.-'\.-'\.-'\.-'\.-'\.-'\.-'\.-'\.-'\.-'\..'\.-'\..'\.-'\..'\.-'\..'\.-'\..'\.-'\..'\.-'\..'\..'\..'\..'\."\..'\..'\.'

terete e e m e e

S EEEEEEREERER

e e e e e, -,-.-.-.-.-.-.-.-.-.-.-.-.t.t.-.-.t.-Z

-'\.-I.-'\.-'\.-'\.-'\.-'\.-'\.

o

T e

.. LA AR T E TR AR R ERAAREARARN "I‘I‘l‘I‘I‘l‘l‘l‘l‘I‘Il‘!‘l!‘!‘sl"'l‘lll‘ll!‘lI‘!‘I‘I‘ rTEFEFEFEFEFEEFE "!‘I‘!‘I‘I‘!‘!‘I"‘



U.S. Patent Jun. 27, 2023

N .
PRI RO SO e I R tututetetete e et n ettt e .*.-.w.-.-'-.-.-mﬁ.-

!

-. -".'F. | | -"-‘ "“ ' - .
_..‘-"l" . g '-‘.l‘.‘ .
o N ¢

FEEEEEEErFEE L
'a
1;
b
3
;f
-l.
.r:
i-_-
.-'." Eé :E
N

Sheet 5 of 9 US 11,687,099 B2

N

..,«"‘ - ARTEH FE L‘%‘Eﬁiﬁ R i ceiossioese eesessen
R @P‘ﬁﬁ i~ §‘§ {ard 1 LE e |
e BTATE? o™ e
Sty e %
J YES RESET ELAPSED PERIOD T
g ___.‘..-..-."":'.' e, an, _----n-..“n............-.-.-.-.-.-.-..-..-..-...-..-...-.-..-...-...-...-..-.-..-...-.-...-...-.-..~.,-..~., ..... ettt et St
:ﬁ: N G 1-....*""?._;____.,.-.-;.-.‘.-*-'1-*-'"""‘ - e “age, "'."-';"_""'-"-_._ﬂ.-' :_-f S ‘g a
4: T . e
e, T & T3 L
= e
- :..;_._..__‘m.‘;‘-ﬂ.”# e
"»
- LLYES (512
CHAM ORIENTATION %
OF DEFLEGTOR
e M B TO Bad

"H--.
. '\..q‘l"'"
T N @
L
..-!""'-

T

» > Hie 3l
“ ﬁ?TEﬁ 2 L TERL &éﬁ

., PROCESS?,

Lo
.-1-""' -

i FROM Bd2 TO Bu

I

H -ﬂl.""

Sy

©NO

1 o e e e et e e e e T Y T e Tt T

1-,1-_1-1-‘1-1

L 515

RESET ELAPSED PERIOD T

rerwrww s e s s s s s in e ety in ettt e e tet a ety e e et e e e e e e e Y T e et

L E N N N NN N NN

_-_-_-‘-_-‘-‘-_-‘-;-‘-__-__-__-h__i‘n__-_-__n‘-__-‘i_-h I W T NN N :- :- :l :- 'v'e'n'e's 'r'-l‘-r'r"‘lr'-'lr'lr'-'Il'll'_

-i._-._i._i._i._lh._ilillh._illl_lll_l

B N N R R N R N R N A N R A N R A AR R ."'n."‘

saib

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

CGHANGE %ﬁi&?ﬁ?ﬁﬁﬁﬂ 8
OF DEFLEGTOR



U.S. Patent Jun. 27, 2023 Sheet 6 of 9 US 11,687,099 B2

r
LT T R TR SR SR S
- [

T “'a%ﬂ

¥
%
§
q
i

"a:a:n'a . ;"*'.'q‘
| | 3 .- . - ;_i;.'-'-'n" e .-.1'.1-'*'
(00
' .“-. .:;-;-;-:-’.’1 ' S
.

N -
.




U.S. Patent Jun. 27, 2023 Sheet 7 of 9 US 11,687,099 B2

o

. '
..i

.i

1111111111111111111111
........................

&N&mt D gﬁémmh T

QPQNEM{"‘ ——
ggﬁgi}ﬁ :

..................

.................... N NN AN N AT Y ,.If..lq.lqlqlqlglqlnlnlnlnlnlnl

4
.....
b Ty L L L I I R R N N N R N R A L R R L

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

!!!!!!!!!

LOW-SPEED STATE M3 |

E%{Hmmmms OF ».@ _ - o
DEFLECTOR: Bd2 | IDLE STATE CONTINUOQUSLY

"‘f..-

{ J",'"‘!"-..‘-".'-:""-_;‘_“;,_‘w ?{:}R T 'g: 3

dTH 2 Hém ; |
mmﬁ«émwu

FOH

[ "‘*’?k GONTINUOUSLY . ey R
| HIGH-SPEED STATE MY T8 IDECELERATION S8TATE M2

i | ORIENTATION OF I ﬁﬁ?ENTﬁgé}gﬁngT oR: B3
SEFLEG?QQ Gut | 4TH 2 AdTH

CONTINUGUSLY s
RO T




U.S. Patent Jun. 27, 2023 Sheet 8 of 9 US 11,687,099 B2

‘‘‘‘‘‘‘‘‘‘

LOW-SPEED STATE m

ORENTATION OF L
DEFLECTOR MZ . Ne < LMe CONTINUOUSLY FOR T23

Ne = HNe ‘ | :M""“*-n-.,u..,

CONTINUOUSLY e < B

SV TOA & < 2 ""'""'“m

FOR 124 ¥ CONTINUOUSLY e

HIGH-SPEED STATE M1 | FOR T2 IDEOELERATION STATE M2

WWWMW“”‘“*? ORIENTATION OF

ﬁﬁiﬁ?«i?ﬁ%ﬁg%ﬁﬁg £ e I N DEFLECTOR: Bd3

_ die = AdNe
i} ﬁ{?hﬁﬁﬁ LIMIRLY

FOM TZS

ot e e e e e



U.S. Patent Jun. 27, 2023 Sheet 9 of 9 US 11,687,099 B2




US 11,687,099 B2

1

BOAT AND TRIM ANGLE CONTROL
METHOD FOR BOAT

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of priority to Japanese
Patent Application No. 2019-2023505 filed on Nov. 7, 2019.

The entire contents of this application are hereby incorpo-
rated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a boat including a trim
changer that changes the trim angle of a boat body and a trim
angle control method for a boat.

2. Description of the Related Art

A boat including a trim changer that changes the trim
angle of a boat body and a trim angle control method for a
boat are known 1n general. Such a boat control system 1s
disclosed 1n Japanese Patent No. 5599480, for example.

Japanese Patent No. 5599480 discloses an automatic trim
system for a jet propelled boat. This automatic trim system
includes a steering angle sensor that detects the steering
angle ol a steering, a control electronic device, a movable
actuator, and a motion transmission. The control electronic
device sets a target for the trim angle based on the steering
angle detected by the steering angle sensor. The control
clectronic device sets a target for the trim angle such that the
trim angle decreases as the steering angle increases. The
automatic trim system changes the trim angle of the jet
propelled boat with the motion transmission by controlling
the movable actuator based on the target setting.

The automatic trim system disclosed in Japanese Patent
No. 5599480 includes the steering angle sensor to automati-
cally control the trim angle. Therefore, 1n the automatic trim
system disclosed 1n Japanese Patent No. 5599480, the struc-
ture of the automatic trim system (boat) becomes complex in
order to automatically control the trim angle of the jet
propelled boat (boat body).

SUMMARY OF THE INVENTION

Preferred embodiments of the present invention provide
boats and trim angle control methods for boats that each
automatically control the trim angles of boat bodies while
significantly reducing or preventing complex structures.

A boat according to a preferred embodiment of the present
invention includes an engine, a propulsion device to gener-
ate, by driving of the engine, a propulsive force to propel a
boat body, a trim changer to change a trim angle of the boat
body, a trim actuator to drive the trim changer, and a
controller configured or programmed to control operation of
the trim actuator based on a value corresponding to a change
in a boat speed.

In a boat according to a preferred embodiment of the
present invention, the controller 1s configured or pro-
grammed to control the operation of the trim actuator based
on the value corresponding to the change in the boat speed.
The value corresponding to the change in the boat speed 1s
acquired by an existing detector provided in the boat. In
view of this point, according to a preferred embodiment of
the present invention, the controller 1s configured or pro-
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2

grammed to control the operation of the trim actuator based
on the value corresponding to the change in the boat speed
such that the trim angle of the boat body 1s automatically
controlled without newly providing a steering angle sensor
in a steering. Consequently, the trim angle of the boat body
1s automatically controlled while a complex structure of the
boat 1s significantly reduced or prevented.

When the trim angle 1s adjusted such that the trim angle
decreases as the steering angle increases as 1n the related art,
the trim angle of the boat conceivably decreases aiter a time
at which the steering operation 1s performed (after the boat
starts to turn). In other words, the trim angle of the boat
conceilvably has not decreased yet or the amount of decrease
in the trim angle 1s conceivably still small at a time at which
the boat starts to turn. Therefore, the boat conceivably starts
to turn 1n a state 1n which a contact area between the boat
body (hull) and the water surface 1s relatively small. Con-
sequently, with a conventional control method, the water
contact resistance of the boat conceivably decreases, and the
turning diameter of the boat conceivably increases (the time
required for the boat to turn conceivably increases). In this
regard, according to a preferred embodiment of the present
invention, the controller 1s configured or programmed to
control the operation of the trim actuator based on the value
corresponding to the change 1n the boat speed to control the
trim angle of the boat based on the change 1n the boat speed
(acceleration or deceleration), as described above. There-
fore, the trim angle of the boat 1s controlled based on
deceleration of the boat before the boat starts to turn, for
example. Consequently, the trim angle 1s decreased before
the boat starts to turn, and thus the trim angle of the boat 1s
sufliciently small at a time at which the boat starts to turn.
Accordingly, the boat starts to turn 1n a state 1n which a
contact area between the boat body (hull) and the water
surface 1s relatively large. Thus, the water contact resistance
of the boat 1s increased, and an increase in the turning
diameter of the boat (an increase 1n the time required for the
boat to turn) 1s significantly reduced or prevented.

In a boat according to a preferred embodiment of the
present invention, the controller 1s preferably configured or
programmed to acquire, as the value corresponding to the
change 1n the boat speed, at least one of an amount of change
in a rotational speed of the engine or a throttle opening of the
engine, and to control the operation of the trim actuator
based on at least one of the amount of change in the
rotational speed of the engine or the throttle opeming of the
engine, 1.e., (1) the amount of change 1n the rotational speed
of the engine, or (1) the throttle opening of the engine, or
(111) the amount of change 1n the rotational speed of the
engine and the throttle opening of the engine. Generally, a
boat includes a detector that acquires at least one of the
rotational speed of the engine or the throttle opeming of the
engine. In view of this point, according to a preferred
embodiment of the present invention, the controller acquires
at least one of the amount of change 1n the rotational speed
of the engine or the throttle opening of the engine as the
value corresponding to the change in the boat speed, and
thus the trim angle of the boat body 1s automatically con-
trolled without newly providing a steering angle sensor in a
steering for the boat. Furthermore, the amount of change 1n
the rotational speed of the engine and the throttle opening of
the engine are acquired, and thus the value corresponding to
the change 1n the boat speed 1s easily acquired.

In a boat according to a preferred embodiment of the
present invention, the controller 1s preferably configured or
programmed to control the operation of the trim actuator so
as to change an orientation of the trim changer to a decel-
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eration orientation based on the value corresponding to the
change 1n the boat speed entering into a condition corre-
sponding to deceleration of the boat body. Accordingly,
before the boat turns, the orientation of the trim changer 1s
changed to the deceleration orientation based on the decel-
eration of the boat body occurring before turning of the boat.
Consequently, an increase 1n the turning diameter of the boat
(an increase in the time required for the boat to turn) 1s
ellectively significantly reduced or prevented.

In such a case, the controller 1s preferably configured or
programmed to control the operation of the trim actuator so
as to change the orientation of the trim changer from the
deceleration orientation to an acceleration orientation based
on the value corresponding to the change in the boat speed
entering into a condition corresponding to stopping of the
deceleration of the boat body when operating the trim
actuator to change the orientation of the trim actuator to the
deceleration orientation. When the boat starts to accelerate
while turning after decelerating and starting to turn, the boat
more quickly accelerates when the trim changer of the boat
body 1s orniented i1n the acceleration orientation (upward
relative to the deceleration orientation, for example) differ-
ent from the deceleration direction. According to a preferred
embodiment of the present invention, the orientation of the
trim changer 1s changed from the deceleration orientation to
the acceleration orientation based on the value correspond-
ing to the change in the boat speed entering into the
condition corresponding to the stopping of the deceleration
ol the boat body such that the ornientation of the trim changer
1s changed to the acceleration orientation when the boat
starts to accelerate while turning, and thus the boat more
quickly accelerates after decelerating and then accelerating.

In a boat that changes the orientation of the trim changer
to the deceleration orientation based on the value corre-
sponding to the change in the boat speed entering into the
condition corresponding to the deceleration of the boat body,
the controller 1s preferably configured or programmed to
control the operation of the trim actuator so as to change the
orientation of the trim changer to the deceleration orienta-
tion based on the value corresponding to the change in the
boat speed being a value corresponding to the deceleration
of the boat body continuously for a first period of time as the
condition corresponding to the deceleration of the boat body.
When the onentation of the trim changer 1s 1mmediately
changed to the deceleration orientation at a time at which the
boat body decelerates, the trim angle 1s concervably changed
at an earlier time than necessary. In this regard, according to
a preferred embodiment of the present invention, the orien-
tation of the trim changer 1s changed to the deceleration
orientation based on the value corresponding to the change
in the boat speed being the value corresponding to the
deceleration of the boat body continuously for the first
pertod of time. Accordingly, the orientation of the trim
changer 1s changed to the deceleration orientation at a more
appropriate time than a time at which the boat body decel-
erates. In addition, the orientation of the trim changer 1s not
changed until the first period of time elapses, and thus a
frequent change in the orientation of the trim changer (the
occurrence ol chattering) 1s significantly reduced or pre-
vented.

In a boat that changes the orientation of the trim changer
to the deceleration orientation based on the value corre-
sponding to the change in the boat speed being the value
corresponding to the deceleration of the boat body continu-
ously for the first period, the controller 1s preferably con-
figured or programmed to control the operation of the trim
actuator so as to change the orientation of the trim changer
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4

to the deceleration orientation based on the value corre-
sponding to the change in the boat speed being the value
corresponding to the deceleration of the boat body continu-
ously for the first period of time from a time before turning
of the boat body as the condition corresponding to the
deceleration of the boat body. Accordingly, the orientation of
the trim changer 1s changed to the deceleration orientation at
a more appropriate time (at a time at which the first period
of time has elapsed) after a time at which the boat body
decelerates. Furthermore, the orientation of the trim changer
1s not changed until the first period of time elapses after the
deceleration, and thus a frequent change 1n the orientation of
the trim changer (the occurrence of chattering) 1s signifi-
cantly reduced or prevented.

In a boat that changes the orientation of the trim changer
to the deceleration orientation based on the value corre-
sponding to the change in the boat speed entering into the
condition corresponding to the deceleration of the boat body,
the controller 1s preferably configured or programmed to
control the operation of the trim actuator so as to change the
orientation of the trim changer to the deceleration orienta-
tion when a value corresponding to the boat speed 1s a value
corresponding to a high speed and the value corresponding
to the change in the boat speed enters into the condition
corresponding to the deceleration of the boat body. When the
boat decelerates to turn from a state 1n which the boat 1s
traveling at a high speed, the turning diameter 1s likely to be
relatively large. In this regard, according to a preferred
embodiment of the present invention, the orientation of the
trim changer 1s changed to the deceleration orientation when
the value corresponding to the boat speed 1s the value
corresponding to the high speed and the value corresponding
to the change i1n the boat speed enters into the condition
corresponding to the deceleration of the boat body, and thus
when the turning diameter 1s likely to be relatively large, the
trim angle 1s eflectively controlled so as to significantly
reduce or prevent an increase 1n the turning diameter.

In a boat that changes the orientation of the trim changer
to the deceleration orientation based on the value corre-
sponding to the change in the boat speed entering into the
condition corresponding to the deceleration of the boat body,
the controller 1s preferably configured or programmed to
control the operation of the trim actuator so as to change the
orientation of the trim changer from the deceleration oren-
tation to a low-speed orientation based on a value corre-
sponding to the boat speed becoming a value corresponding
to a low speed or the engine entering an 1dle state when
operating the trim actuator to change the orientation of the
trim changer to the deceleration orientation. Accordingly,
the orientation of the trim changer 1s changed to the low-
speed orientation different from the deceleration orientation
when the boat 1s traveling at a low speed or when the boat
1s stopped. Consequently, the orientation of the trim changer
1s controlled such that the trim angle 1s appropriate even
when the boat 1s traveling at a low speed or when the boat
1s stopped.

In a boat that changes the orientation of the trim changer
from the deceleration orientation to the low-speed orienta-
tion based on the value corresponding to the boat speed
becoming the value corresponding to the low speed or the
engine entering the idle state, the controller 1s preferably
configured or programmed to control the operation of the
trim actuator so as to change the ornentation of the trim
changer from the deceleration orientation to the low-speed
orientation based on the value corresponding to the boat
speed being the value corresponding to the low speed
continuously for a second period of time or the engine being
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in the idle state continuously for the second period of time
when operating the trim actuator to change the orientation of
the trim changer to the deceleration orientation. After decel-
crating, the boat may travel at a low speed without accel-
erating, or the boat may accelerate. Therefore, when the boat
decelerates and then accelerates to turn, for example, the
orientation of the trim changer may conceivably be unsuit-
able for acceleration of the boat when the orientation of the
trim changer 1s immediately changed to the low-speed
orientation 1n response to the value corresponding to the
boat speed becoming the value corresponding to the low
speed or the engine entering the idle state. In this regard,
according to a preferred embodiment of the present inven-
tion, the orientation of the trim changer 1s changed from the
deceleration orientation to the low-speed orientation based
on the value corresponding to the boat speed being the value
corresponding to the low speed continuously for the second
period of time or the engine being in the 1dle state continu-
ously for the second period of time. Accordingly, the ori-
entation of the trim changer 1s not immediately changed 1n
response to the value corresponding to the boat speed
becoming the value corresponding to the low speed or the
engine entering the idle state. Consequently, when the boat
decelerates and then accelerates, the trim changer 1s oriented
in an appropriate orientation. In addition, the orientation of
the trim changer 1s not changed until the second period
clapses, and thus a frequent change 1n the orientation of the
trim changer (the occurrence of chattering) 1s significantly
reduced or prevented.

In a boat according to a preferred embodiment of the
present invention, the controller 1s preferably configured or
programmed to control the operation of the trim actuator so
as to change an orientation of the trim changer to an
acceleration orientation based on the value corresponding to
the change in the boat speed entering into a condition
corresponding to acceleration of the boat body. Accordingly,
the trim angle of the boat body 1s easily changed to the trim
angle of the boat body suitable for when the boat accelerates.
Consequently, when the boat accelerates after turning, for
example, the trim angle of the boat body 1s appropnately and
automatically controlled.

In such a case, the controller 1s preferably configured or
programmed to control the operation of the trim actuator so
as to change the orientation of the trim changer to the
acceleration orientation based on the value corresponding to
the change 1n the boat speed being a value corresponding to
the acceleration of the boat body continuously for a third
period of time as the condition corresponding to the accel-
eration of the boat body. Although the boat starts to accel-
erate during turning when turning, the trim changer of the
boat 1s oriented 1n the deceleration orientation rather than the
acceleration orientation during turning such that an increase
in the turning diameter 1s significantly reduced or prevented.
In view of this point, according to a preferred embodiment
of the present invention, the orientation of the trim changer
1s changed to the acceleration orientation based on the value
corresponding to the change in the boat speed being the
value corresponding to the acceleration of the boat body
continuously for the third period of time such that the
orientation of the trim changer 1s changed to the acceleration
orientation after the boat starts to accelerate and the third
period of time elapses. Consequently, the trim angle of the
boat body 1s automatically controlled to be suitable for
acceleration while an increase i1n the turning diameter is
significantly reduced or prevented. Furthermore, the orien-
tation of the trim changer 1s not changed until the third
period of time elapses, and thus a frequent change in the
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6

orientation of the trim changer (the occurrence of chattering)
1s significantly reduced or prevented.

In a boat that changes the orientation of the trim changer
to the acceleration orientation based on the value corre-
sponding to the change in the boat speed being the value
corresponding to the acceleration of the boat body continu-
ously for the third period of time, the controller 1s preferably
configured or programmed to control the operation of the
trim actuator so as to change the orientation of the trim
changer to the acceleration orientation based on the value
corresponding to the change 1n the boat speed being the
value corresponding to the acceleration of the boat body
continuously for the third period of time after turning of the
boat body 1s completed as the condition corresponding to the
acceleration of the boat body. Accordingly, the orientation of
the trim changer 1s changed to the acceleration orientation
alter turning of the boat body 1s completed and the third
period of time elapses from a time at which the acceleration
1s started, and thus an increase 1n the turning diameter due
to a change in the orientation of the trim changer during
turning of the boat body i1s sigmficantly reduced or pre-
vented.

In a boat that changes the orientation of the trim changer
to the acceleration orientation based on the value corre-
sponding to the change in the boat speed entering into the
condition corresponding to the acceleration of the boat body,
the controller 1s preferably configured or programmed to
control the operation of the trim actuator so as to change the
orientation of the trim changer to a deceleration orientation
based on the value corresponding to the change 1n the boat
speed entering into a condition corresponding to decelera-
tion of the boat body, and to control the operation of the trim
actuator so as to change the orientation of the trim changer
to the acceleration orientation based on the value corre-
sponding to the change in the boat speed entering into the
condition corresponding to the acceleration of the boat body
when operating the trim actuator to change the orientation of
the trim changer to the deceleration orientation. Accord-
ingly, the orientation of the trim changer 1s changed to the
orientation of the trim changer suitable for when the boat
decelerates and then accelerates. Consequently, when the
boat decelerates and then accelerates to turn, for example,
the orientation of the trim changer 1s changed to an appro-
priate orientation from the start of turning to the end of
turning.

In a boat according to a preferred embodiment of the
present invention, the controller 1s preferably configured or
programmed to control the operation of the trim actuator
based on a value corresponding to the boat speed and the
value corresponding to the change 1n the boat speed so as to
change an orientation of the trim changer to an orientation
corresponding to any one of a high-speed state 1n which the
boat speed 1s high, a deceleration state in which the boat
speed 1s reducing from a high speed, and a low-speed state
in which the boat speed 1s low. Accordingly, the orientation
of the trim changer 1s changed to an appropriate orientation
for the high-speed state, the deceleration state, or the low-
speed state.

In such a case, the controller 1s preferably configured or
programmed to control the operation of the trim actuator so
as to change the onentation of the trim changer from the
orientation corresponding to the high-speed state to the
orientation corresponding to the deceleration state based on
a throttle opening of the engine as the value corresponding
to the change in the boat speed entering into a condition
corresponding to deceleration of the boat body 1n the high-
speed state. Accordingly, the throttle opening of the engine
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1s acquired such that a change from the high-speed state to
the deceleration state 1s easily detected.

In a boat that changes the orientation of the trim changer
to the onientation corresponding to any one of the high-speed
state, the deceleration state, and the low-speed state, the
controller 1s preferably configured or programmed to per-
form a control to perform a filtering process on a rotational
speed of the engine as the value corresponding to the boat
speed 1n the deceleration state, and to control the operation
of the trim actuator so as to change the orientation of the trim
changer from the orientation corresponding to the low-speed
state to the orientation corresponding to the high-speed state
based on the rotational speed of the engine becoming a value
corresponding to the high speed after the filtering process.
Accordingly, the filtering process 1s performed on the rota-
tional speed of the engine such that unnecessary frequency
components are removed from information about the rota-
tional speed of the engine. Consequently, an erroneous
change of the orientation of the trim changer to the orien-
tation corresponding to the high-speed state based on a value
of the rotational speed of the engine that varies instanta-
neously due to unnecessary frequency components such as
noise 1s significantly reduced or prevented.

In a boat that changes the orientation of the trim changer
to the orientation corresponding to any one of the high-speed
state, the deceleration state, and the low-speed state, the
orientation corresponding to the high-speed state i1s prefer-
ably set as the orientation of the trim changer directed
upward relative to the onentation corresponding to the
low-speed state, the orientation corresponding to the decel-
cration state 1s preferably set as the ornientation of the trim
changer directed downward relative to the orientation cor-
responding to the high-speed state, and the orientation
corresponding to the low-speed state 1s preferably set as the
orientation of the trim changer directed upward relative to
the orentation corresponding to the deceleration state.
Accordingly, 1n the high-speed state, the trim angle of the
boat body 1s larger than that in the low-speed state, and thus
the water contact resistance of the boat body 1s decreased.
Furthermore, in the deceleration state, the trim angle 1is
smaller than that in the high-speed state, and thus an increase
in attitude change that occurs during deceleration 1s signifi-
cantly reduced or prevented. In the low-speed state, the trim
angle 1s larger than that in the deceleration state, and thus an
excessive reduction 1n the trim angle 1s significantly reduced
or prevented in the low-speed state.

A trim angle control method for a boat including a trim
changer that changes a trim angle of a boat body and a trim
actuator that drives the trim changer according to a preferred
embodiment of the present invention includes acquiring a
value corresponding to a change in a boat speed, and
changing the trim angle of the boat body by controlling
operation of the trim actuator based on the value correspond-
ing to the change 1n the boat speed.

A trim angle control method for a boat according to a
preferred embodiment of the present invention as described
above enables the trim angle of the boat body to be auto-
matically controlled while a complex structure 1s signifi-
cantly reduced or prevented. Furthermore, a trim angle
control method for a boat according to a preferred embodi-
ment of the present invention as described above signifi-
cantly reduces or prevents an increase 1n the turning diam-
cter of the boat (an increase in the time required for the boat
to turn).

In a tnm angle control method for a boat according to a
preferred embodiment of the present invention, the acquir-
ing of the value corresponding to the change in the boat
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speed preferably includes acquiring at least one of an
amount of change 1n a rotational speed of an engine or a
throttle opening of the engine, and the changing of the trim
angle of the boat body preferably includes controlling the
operation of the trim actuator based on at least one of the
amount of change 1n the rotational speed of the engine or the
throttle opening of the engine. Accordingly, the trim angle of
the boat body 1s automatically controlled without newly
providing a steering angle sensor 1n a steering for the boat.
Furthermore, the amount of change in the rotational speed of
the engine and the throttle opeming of the engine are
acquired, and thus the value corresponding to the change 1n
the boat speed 1s easily acquired.

In a trim angle control method for a boat according to a
preferred embodiment of the present invention, the changing
of the trim angle of the boat body preferably includes
controlling the operation of the trim actuator so as to change
an orientation of the trim changer to a deceleration orien-
tation based on the value corresponding to the change in the
boat speed entering into a condition corresponding to decel-
eration of the boat body. Accordingly, before the boat turns,
the orientation of the trim changer 1s changed to the decel-
eration orientation based on the deceleration of the boat
body occurring before turning of the boat. Consequently, an
increase in the turning diameter of the boat (an 1ncrease 1n
the time required for the boat to turn) 1s effectively signifi-
cantly reduced or prevented.

The above and other elements, features, steps, character-
istics and advantages of the present invention will become
more apparent from the following detailed description of the
preferred embodiments with reference to the attached draw-
Ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a sectional view schematically showing a boat
according to a first preferred embodiment of the present
ivention.

FIG. 2 1s a block diagram showing the structure of the
boat according to the first preferred embodiment of the

present 1vention.

FIG. 3 1s a diagram 1illustrating a relationship between the
orientation and the trim angle of a detlector according to the
first preferred embodiment of the present invention.

FIG. 4 1s a diagram illustrating the ornentation of the
deflector according to the first preferred embodiment of the
present 1nvention.

FIG. 5 15 a diagram 1llustrating a change 1n the orientation
of the deflector according to the first preferred embodiment
of the present invention.

FIG. 6 1s a diagram 1illustrating a determination time map
according to the first preferred embodiment of the present
ivention.

FIG. 7 1s a diagram 1illustrating a determination threshold
map according to the first preferred embodiment of the
present 1vention.

FIG. 8 1s a flowchart showing a control process 1n the boat
according to the first preferred embodiment of the present
invention.

FIG. 9 1s a flowchart showing the control process in the
boat according to the first preferred embodiment of the
present 1nvention.

FIG. 10 1s a schematic view showing a {first specific
example of the control process 1n the boat according to the
first preferred embodiment of the present invention.
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FIG. 11 1s a schematic view showing a second specific
example of the control process 1n the boat according to the
first preferred embodiment of the present invention.

FI1G. 12 1s a block diagram showing the structure of a boat
according to a second preferred embodiment of the present
invention.

FIG. 13 1s a diagram 1illustrating a change 1n the orienta-
tion of a deflector according to the second preferred embodi-
ment of the present invention.

FI1G. 14 1s a block diagram showing the structure of a boat
according to a thurd preferred embodiment of the present
invention.

FIG. 15 1s a diagram 1illustrating a change 1n the orienta-
tion of a detlector according to the third preferred embodi-
ment of the present mnvention.

FI1G. 16 1s a diagram 1llustrating a determination time map
according to a first modified example of the first to third
preferred embodiments of the present invention.

FIG. 17 1s a diagram 1llustrating a determination threshold
map according to a second modified example of the first to
third preferred embodiments of the present invention.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

(L]

Preferred embodiments of the present invention are here-
inafter described with reference to the drawings.

First Preferred Embodiment

The structure of a boat 100 according to a first pretferred
embodiment of the present mvention 1s now described with
reference to FIGS. 1 to 7. The boat 100 1s a personal
watercrait (PWC), for example, and 1s a water jet propelled
boat. That 1s, the boat 100 1s a straddled watercraft. In the
tollowing description, the term “front (forward)” refers to a
direction indicated by “FWD” 1n FIG. 1, and the term “rear

(rearward)” refers to a direction indicated by “BWD” 1n
FIG. 1.

As shown 1n FIG. 1, the boat 100 includes a hull 10, an
engine 20, a fuel imjection system 30 (hereinatfter referred to
as an “FI system 30”), a controller 40, a propulsion mecha-

nism 50, and a steering unit 60.
The boat body 10 includes a deck 11 and a hull 12. The

engine 20, the FI system 30, and the controller 40 are
disposed inside the boat body 10.

The engine 20 obtains a driving force to rotate a crank-
shaft 21 by combustion of a mixture of air and fuel 1n a
combustion chamber. The engine 20 includes a throttle valve
22 and a throttle valve actuator 23 (heremaftter referred to as
an “actuator 23”). The actuator 23 changes the opening of
the throttle valve 22 such that the throttle valve 22 adjusts
the amount of air supplied to the combustion chamber of the
engine 20. As the opening of the throttle valve 22 (throttle
opening A) 1ncreases, the rotational speed of the engine 20
(engine rotational speed Ne) increases. The engine rotational
speed Ne 1s an example of a “value corresponding to the boat
speed”. The throttle opeming A 1s an example of a *““value
corresponding to a change 1n a boat speed”.

The boat 100 includes an engine rotational speed sensor
24 and a throttle opening sensor 25. The engine rotational
speed sensor 24 detects the rotational speed of the engine 20
(crankshaft 21) (engine rotational speed Ne) and transmits
information (detection signal) about the engine rotational
speed Ne to the controller 40. Furthermore, the throttle
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opening sensor 25 detects the throttle opening A and trans-
mits information (detection signal) about the throttle open-
ing A to the controller 40.

The controller 40 includes an engine control unit includ-
ing a control circuit such as a central processing umt (CPU),
for example. As shown 1n FIG. 2, the boat 100 1ncludes a
storage 41 that stores a program 41a, a determination period
map 415, and a determination threshold map 41c¢. The
controller 40 1s configured or programmed to execute a
control process described below based on the program 41a,
the determination period map 415, and the determination
threshold map 41c¢ stored 1n the storage 41. The storage 41
includes a non-volatile memory, for example.

As shown 1n FIG. 1, the propulsion mechanism 50 gen-
erates, by driving of the engine 20, a propulsive force to
propel the boat body 10. The propulsion mechanism 50 1s a
water jet propulsion device, for example. The propulsion
mechanism 50 includes an impeller shait 51, an impeller 52,
a water 1ntake 53, an impeller housing 34, a nozzle 35, a
deflector 56, and a bucket 57. The propulsion mechanism 50
1s an example of a “propulsion device”. The detlector 56 1s
an example of a “trim changer”.

The impeller shaft 51 1s connected to the crankshait 21.
The impeller 52 1s provided adjacent to or 1n the vicinity of
a rear end of the impeller shait 51. The mmpeller 52 1s
disposed 1nside the impeller housing 54 connected to a rear
portion of the water intake 53, suctions water below the
water surface W from the water intake 33, and jets the water
rearward from the nozzle 55 provided rearward of the
impeller housing 54.

The deflector 56 1s disposed rearward of the nozzle 55,
and changes the direction of the water jetted rearward from
the nozzle 55 to a right-left direction. The steering unmit 60 (a
pair ol grips 61) 1s operated such that the orientation of the
deflector 56 1in the right-left direction i1s changed. The
orientation of the detlector 56 in the right-left direction is
changed such that the boat 100 1s steered.

As shown 1n FIG. 3, the detlector 56 changes the direction
of the water jetted rearward to an upward-downward direc-
tion. The deflector 36 changes the direction of the water
jetted rearward to the upward-downward direction to change
the trim angle 0 of the boat body 10. That 1s, the ornientation
B of the deflector 56 1s changed such that the trim angle ©
of the boat body 10 1s changed. For example, when the
orientation B of the deflector 56 1s raised from the state
shown 1 (A) of FIG. 3 to an orientation Bul, the trim angle
0 increases as shown in (B) of FIG. 3, and when the
orientation B of the deflector 56 1s lowered to an orientation
Bd3, the trim angle 0 decreases as shown 1n (C) of FIG. 3.
In this specification, the term “trim™ refers to a diflerence
between the bow dratft and the stern draft, and the term “trim
angle 07 refers to an angle defined by the water surface W
(draft line) and a line segment L that connects the bow to the
stern.

The boat 100 includes a trim actuator 36a connected to the
deflector 56. The trim actuator S6a changes the orientation
B of the deflector 56 (drives the detlector 56) according to
a command from the controller 40. For example, as shown
in FIG. 4, the deflector 56 1s changeable to a total of six
levels including onentations Bu2, Bul, B0, Bdl, Bd2, and
Bd3 from an orientation B (Bu2) in which the trim angle 0
of the boat body 10 1s maximized (the bow 1s most raised)
to an orientation B (Bd3) in which the trim angle 0 of the
boat body 10 1s minimized (the bow 1s most lowered). The

trim actuator 56a changes the orientation B of the deflector
56 among the orientations Bu2, Bul, B0, Bdl, Bd2, and

Bd3.
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The bucket 57 1s movable between the upper side and the
rear side of the deflector 56 by a bucket actuator 57a. The
bucket 57 changes the direction of the water jetted rearward
from the nozzle 35 and the deflector 56 to a forward
direction when the bucket 57 1s moved to the rear side of the
deflector 56. Driving of the bucket actuator 574 1s controlled
by the controller 40.

The steering unit 60 1includes a manual trim operator 62,
a throttle operator 63 (a lever, for example) that operates the
throttle opening A, an accelerator position sensor (APS) 64,
a pair of grips 61, and a steering shaft 65 (see FIG. 1) that
rotates integrally with the pair of grips 61. The APS 64
detects the operation amount of the throttle operator 63 (the
rotation angle of the lever, for example) and transmits a
detection signal (information about the operation amount) to
the controller 40. The manual trim operator 62 transmits an
input operation by a rider P to the controller 40. The
controller 40 1s configured or programmed to operate the

trim actuator 56a so as to change the orientation B of the
deflector 56 among the orientations Bu2, Bul, B0, Bdl,
Bd2, and Bd3 based on the mput operation to the manual
trim operator 62.

The controller 40 1s configured or programmed to control
the operation of the trim actuator 56a based on the deviation
ATH of the throttle opening A (heremafter referred to as a
“throttle opening deviation ATH”). That 1s, the controller 40
1s configured or programmed to acquire the throttle opening
deviation ATH based on the throttle opening A acquired
from the throttle opening sensor 25. The controller 40 1s
configured or programmed to control the operation of the
trim actuator 56a based on the throttle opening deviation
ATH so as to change the orientation B of the deflector 56 and
change the trim angle 0 of the boat body 10.

In the first preferred embodiment, the controller 40 1s
configured or programmed to change the trim angle 0 by
changing the orientation B of the deflector 56 based on the
engine rotational speed Ne 1n addition to the throttle opening
deviation ATH. Specifically, the controller 40 1s configured
or programmed to control the operation of the trim actuator
56a so as to change the orientation B of the deflector 56 to
an orientation corresponding to one of a high-speed state M1
in which the boat speed 1s high, a deceleration state M2 1n
which the boat speed 1s reducing from the high speed, and
a low-speed state M3 1n which the boat speed 1s low, based

on the engine rotational speed Ne and the throttle opening
deviation ATH.

The “low speed” described above 1s a speed of 2 kmm/h
(trolling speed) or more and less than 10 km/h, for example.
The “high speed” described above 1s a speed of 10 km/h or
more (a speed higher than the low speed), for example.

In the first preferred embodiment, the orientation B of the
deflector 56 corresponding to the high-speed state M1 1s set
to the orientation Bul directed upward relative to the
ortentation B of the detlector 56 corresponding to the
low-speed state M3. The orientation B of the deflector 56
corresponding to the deceleration state M2 1s set to the
orientation Bd3 directed downward relative to the orienta-
tion B of the deflector 56 corresponding to the high-speed
state M1. The orientation B of the deflector 56 correspond-
ing to the low-speed state M3 is set to the orientation Bd2
directed upward relative to the onientation B of the deflector
56 corresponding to the deceleration state M2. The orien-
tation Bul of the detlector 56 corresponding to the high-
speed state M1 1s an example of an “acceleration orienta-
tion”. The orientation Bd3 of the deflector 56 corresponding,
to the deceleration state M2 1s an example of a “deceleration
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orientation”. The orientation Bd2 of the detlector 56 corre-
sponding to the low-speed state M3 1s an example of a
“low-speed orientation”.

As shown 1n FIG. 5, when the boat 100 1s 1n the high-
speed state M1, the controller 40 controls the trim actuator
56a to change the orientation B of the detlector 56 from the
orientation Bul to the orientation Bd3 based on the throttle
opening deviation ATH entering into a condition corre-
sponding to deceleration of the boat body 10. Specifically,
the controller 40 detects, as ATH, the deviation of the
throttle opening A detected at a predetermined time nterval
(every several tens of milliseconds, for example). The con-
troller 40 controls the trim actuator 56a to change the
orientation B of the detlector 56 from the orientation Bul to
the orientation Bd3 based on the throttle opening deviation
ATH being less than a deceleration determination threshold
DTH (ATH<DTH) continuously for a deceleration determi-
nation period T1 as the condition corresponding to decel-
eration of the boat body 10. For example, the deceleration
determination period T1 1s several seconds. The orientation
B of the deflector 56 1s changed from the orientation Bul to
the orientation Bd3 such that the trim angle 0 of the boat
body 10 1s decreased. A value less than the deceleration
determination threshold DTH 1s an example of a “value
corresponding to deceleration of the boat body™. The decel-
eration determination period 11 1s an example of a “first
period” of time.

When the boat 100 turns, the high-speed state M1 1s
changed to the deceleration state M2 before a time (a time
t3 in FIG. 10, for example) at which the boat 100 turns. That
1s, the controller 40 controls the operation of the trim
actuator 56a to change the orientation B of the detlector 56
from the orientation Bul to the orientation Bd3 (at a time t2)
based on ATH being less than the deceleration determination
threshold DTH continuously for the deceleration determi-
nation period T1 from a time (a time t1 1n FIG. 10) before
turning of the boat body 10.

The controller 40 1s configured or programmed to set the
deceleration determination threshold DTH to a larger value
as the engine rotational speed Ne 1s higher. For example, the
controller 40 1s configured or programmed to set the decel-
eration determination period 11 to a larger value as the
engine rotational speed Ne 1s higher. For example, the
controller 40 sets the deceleration determination period T1
corresponding to the engine rotational speed Ne by referring
to the determination period map 415 shown 1n FIG. 6. The
controller 40 sets the deceleration determination threshold
DTH corresponding to the engine rotational speed Ne by
referring to the determination threshold map 41¢ shown in
FIG. 7. For example, in the determination threshold map
41c, as the engine rotational speed Ne 1s higher, the amount
of increase 1n the deceleration determination threshold DHT
1s larger.

As shown in FIG. 5, the controller 40 controls the
operation of the trim actuator 56a to change (return) the
orientation B of the detlector 36 from the orientation Bd3 to
the orientation Bul based on the throttle opening deviation
ATH entering into a condition corresponding to acceleration
of the boat body 10 (a condition corresponding to stopping
deceleration of the boat body 10) when having operated the
trim actuator 56a to change the orientation B of the deflector
56 from the orientation Bul to the orientation Bd3. Specifi-
cally, the controller 40 controls the trim actuator 36a to
change the orientation B of the deflector 56 from the
orientation Bd3 to the orientation Bul based on the throttle
opening deviation ATH being equal to or more than an

acceleration determination threshold ATH (ATH=ATH) con-
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tinuously for an acceleration determination period 12 as the
condition corresponding to acceleration of the boat body 10
(the condition corresponding to stopping deceleration of the
boat body 10). For example, the acceleration determination
period T2 1s set to the same length of time (a value obtained
by referring to the determination threshold map 41¢) as the
deceleration determination period T1. Furthermore, the
acceleration determination threshold ATH 1s set to the same
value (a value obtained by referring to the determination
period map 415b) as the deceleration determination threshold
DTH. The orientation B of the deflector 56 1s changed from
the orientation Bd3 to the orientation Bul such that the trim
angle 0 of the boat body 10 1s increased. The acceleration
determination period T2 1s an example of a “third period” of
time. A value equal to or more than the acceleration deter-
mination threshold ATH 1s an example of a *“value corre-
sponding to acceleration of the boat body™.

When the boat 100 turns, the deceleration state M2 1s
changed to the high-speed state M1 after a period during
which the boat 100 1s turning. That 1s, the controller 40
controls the operation of the trim actuator 564 to change the
orientation B of the deflector 56 from the orientation Bd3 to
the orientation Bul (at a time t7 1n FIG. 10) based on ATH
being equal to or more than the acceleration determination
threshold ATH continuously for the acceleration determina-
tion period T2 after a time at which turning of the boat body
10 1s completed (a time t6 1 FIG. 10, for example).

As shown i FIG. 5, the controller 40 1s configured or
programmed to perform a control to perform a filtering
process on the engine rotational speed Ne 1n the deceleration
state M2. For example, the controller 40 performs a process
of acquiring a moving average value as the filtering process
on the engine rotational speed Ne detected by the engine
rotational speed sensor 24. Thus, the engine rotational speed
Ne 1s smoothed 1n time series. The controller 40 controls the
trim actuator 56a so as to change the orientation B of the
deflector 56 from the orientation Bd3 to the orientation Bd2
based on the engine rotational speed Ne (moving average
value) being less than a low-speed determination threshold
[L.Ne (Ne<LNe) continuously for a low-speed determination
period T3 after the filtering process. The orientation B of the
deflector 56 1s changed from the orientation Bd3 to the
orientation Bd2 such that the trim angle 0 of the boat body
10 1s increased. For example, the low-speed determination
period T3 1s a few seconds and 1s a constant period of time.
The low-speed determination period 13 1s an example of a
“second period” of time. A value less than the low-speed
determination threshold LLNe i1s an example of a “value
corresponding to the low-speed”.

The controller 40 controls the trim actuator 564 to change
the orientation B of the detlector 56 from the orientation Bd3
to the orientation Bd2 based on the engine 20 entering an
idle state. Specifically, the controller 40 controls the trim
actuator 56a to change the orientation B of the deflector 56
from the orientation Bd3 to the orientation Bd2 when the
engine rotational speed Ne 1s a value within an i1dling
rotational speed range RNe continuously for the low-speed
determination period T3.

As shown 1n FIG. 5, the controller 40 controls the trim
actuator 56a to change the orientation B of the deflector 56
from the orientation Bd2 to the orientation Bul based on the
engine rotational speed Ne being equal to or more than a
high-speed determination threshold HNe (Nez=HNe) con-
tinuously for a high-speed determination period T4 after the
filtering process. The high-speed determination period T4 1s
set as a period of time shorter than the low-speed determi-
nation period T3, for example. The high-speed determina-
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tion threshold HNe i1s set to a value equal to the low-speed
determination threshold LNe, for example. The value equal
to or more than the high-speed determination threshold HNe
1s an example of a “value corresponding to the high-speed”.

A trim angle control method for the boat 100 according to
the first preferred embodiment 1s now described with refer-
ence to FIGS. 1 to 9. FIGS. 8 and 9 are flowcharts showing
a control process in the boat 100. In the control process
described below, step S1 1s performed when the boat 100 1s
in the high-speed state M1.

As shown 1n FIG. 8, 1n step S1, 1t 1s determined whether
or not the throttle opening deviation ATH 1s less than the
deceleration determination threshold DTH. When the
throttle opening deviation ATH 1s less than the deceleration
determination threshold DTH, the process advances to step
S2. When the throttle opening deviation ATH 1s equal to or
more than the deceleration determination threshold DTH,
the process advances to step S3.

In step S2, 1t 1s determined whether or not the throttle
opening deviation ATH 1s less than the deceleration deter-
mination threshold DTH continuously for the deceleration
determination period T1. That 1s, 1t 1s determined whether or
not the boat 100 1s 1n the deceleration state M2. For example,
it 1s determined whether or not an elapsed period T from a
time at which the throttle opening deviation ATH becomes
less than the deceleration determination threshold DTH 1s
equal to or longer than the deceleration determination period
T1. When the elapsed period T 1s equal to or longer than the
deceleration determination period T1, the process advances
to step S4, and when the elapsed period T 1s shorter than the
deceleration determination period T1, the process returns to
step S1.

In step S3, the elapsed period T 1s reset. Then, the process
returns to step S1.

In step S4, the orientation B of the detlector 56 1s changed
from the orientation Bul to the orientation Bd3. Specifically,
the operation of the trim actuator 564 1s controlled such that
the orientation B of the deflector 56 1s changed from the
orientation Bul to the onientation Bd3, and the trim angle O
of the boat body 10 1s decreased. Then, the process advances
to step SS.

In step S5, 1t 1s determined whether or not the throttle
opening deviation ATH 1s equal to or more than the accel-
eration determination threshold ATH. When the throttle
opening deviation ATH 1s equal to or more than the accel-
eration determination threshold ATH, the process advances
to step S6, and when the throttle opening deviation ATH 1s
less than the acceleration determination threshold ATH, the
process advances to step S7.

In step S6, 1t 15 determined whether or not the throttle
opening deviation ATH 1s equal to or more than the accel-
eration determination threshold ATH continuously for the
acceleration determination period T2. That 1s, 1t 1s deter-
mined whether or not the boat 100 1s 1n the high-speed state
M1. For example, 1t 1s determined whether or not an elapsed
period T from a time at which the throttle opening deviation
ATH becomes equal to or more than the acceleration deter-
mination threshold ATH i1s equal to or longer than the
acceleration determination period T2. When the elapsed
pertod T 1s equal to or longer than the acceleration deter-
mination period 12, the process advances to step S8, and
when the elapsed period T 1s shorter than the acceleration
determination period 12, the process returns to step S5.

In step S7, the elapsed period T 1s reset. Then, the process
advances to step S9.
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In step S8, the orientation B of the detlector 56 1s changed
from the orientation Bd3 to the orientation Bul. Then, the
process returns to step S1.

As shown 1n FIG. 9, in step S9, 1t 1s determined whether
or not the engine rotational speed Ne 1s less than the
low-speed determination threshold LLNe after the filtering
process, or the engine 20 1s 1n the idle state (the engine
rotational speed Ne 1s within the 1dling rotational speed
range RNe). Note that the “engine rotational speed Ne”
described below refers to an “engine rotational speed Ne
aiter the filtering process”. When the engine rotational speed
Ne 1s less than the low-speed determination threshold LNe
or when the engine 20 1s in the idle state, the process
advances to step S10. When the engine rotational speed Ne
1s equal to or more than the low-speed determination thresh-
old LNe and the engine 20 1s not 1n the 1dle state, the process
advances to step S11.

In step S10, it 1s determined whether or not the engine
rotational speed Ne 1s less than the low-speed determination
threshold LNe continuously for the low-speed determination
period T3. That 1s, 1t 1s determined whether or not the boat
100 1s 1n the low-speed state M3. For example, 1t 1s deter-
mined whether or not an elapsed period T from a time at
which the engine rotational speed Ne becomes less than the
low-speed determination threshold LNe 1s equal to or longer
than the low-speed determination period T3. When the
clapsed period T 1s equal to or longer than the low-speed
determination period T3, the process advances to step S12,
and when the elapsed period T 1s shorter than the accelera-
tion determination period 12, the process returns to step S9.

In step S11, the elapsed period T 1s reset. Then, the
process returns to step SJ.

In step S12, the orientation B of the deflector 56 1s
changed from the onentation Bd3 to the ornientation Bd2.
Then, the process advances to step S13.

In step S13, it 1s determined whether or not the engine
rotational speed Ne 1s equal to or more than the high-speed
determination threshold HNe. When the engine rotational
speed Ne 1s equal to or more than the high-speed determi-
nation threshold HNe, the process advances to step S14, and
when the engine rotational speed Ne 1s less than the high-
speed determination threshold HNe, the process advances to
step S13.

In step S14, 1t 1s determined whether or not the engine
rotational speed Ne 1s equal to or more than the high-speed
determination threshold HNe continuously for the high-
speed determination period T4. That 1s, 1t 1s determined
whether or not the boat 100 1s in the high-speed state M1.
For example, 1t 1s determined whether or not an elapsed
period T from a time at which the engine rotational speed Ne
becomes equal to or more than the high-speed determination
threshold HNe 1s equal to or longer than the high-speed
determination period T4. When the elapsed period T 1s equal
to or longer than the high-speed determination period T4, the
process advances to step S16, and when the elapsed period
T 1s shorter than the high-speed determination period T4, the
process returns to step S13.

In step S15, the elapsed period T 1s reset. Then, the
process returns to step S13.

In step S16, the orientation B of the deflector 56 1s
changed from the ornentation Bd2 to the ornentation Bul.
Then, the process returns to step S1.

A specific example of the trim angle control method for
the boat 100 according to the first preferred embodiment 1s
now described with reference to FIGS. 10 and 11.

As shown in FIG. 10, at a time t0, the boat 100 1s traveling,
in the high-speed state M1. Then, at the time t1, the throttle
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operator 63 1s operated to reduce the throttle opening A, and
the throttle opening deviation ATH becomes less than the
deceleration determination threshold DTH. Thus, at the time
t2, which 1s a time at which the deceleration determination
period T1 has elapsed from the time t1, the engine rotational
speed Ne becomes lower than that at the time t1. That 1s, at
the time t2, the boat 100 1s traveling in the deceleration state
M2. Then, at the time t2, the orientation B of the deflector
56 1s changed from the orientation Bul to the orientation
Bd3, and the trim angle 0 of the boat body 10 1s decreased.

Then, at the time t3, the steering shaft 635 1s rotated 1n a
turning direction, and the boat 100 starts to turn. Then, at a
time t4, the throttle operator 63 1s operated to tully open the
throttle opening A. Then, at a time t5, the throttle opening
deviation ATH becomes equal to or more than the accelera-
tion determination threshold ATH. Then, at the time t6, the
steering shaft 65 1s rotated to a neutral position, and turning
of the boat 100 1s completed. At the time t6, the throttle
opening A 1s fully opened.

Then, at the time t7, which 1s a time at which the
acceleration determination period 12 has elapsed from the
time t5, the engine rotational speed Ne becomes higher than
that at the time t5. That 1s, at the time t7, the boat 100 1s
traveling 1n the high-speed state M1. Then, at the time t7, the
orientation B of the deflector 56 i1s changed from the
orientation Bd2 to the orientation Bul, and the trim angle O
of the boat body 10 1s increased.

As shown 1n FIG. 11, at a time t10, the boat 100 1s 1n the
low-speed state M3. Then, at a time t11, the throttle operator
63 1s operated to increase the throttle opening A, and the
engine rotational speed Ne becomes equal to or more than
the high-speed determination threshold HNe. Then, at a time
t12 at which the high-speed determination period T4 has
clapsed from the time t11, the orientation B of the deflector
56 1s changed from the orientation Bd2 to the ornientation
Bul, and the trim angle 0 of the boat body 10 1s increased.

Then, at a time t13, the high-speed state M1 1s changed to
the deceleration state M2, the orientation B of the deflector
56 1s changed from the orientation Bul to the orientation
Bd3, and the trim angle 0 of the boat body 10 1s decreased.
Then, at a time t14, the engine rotational speed Ne becomes
less than the low-speed determination threshold LHe, or the
engine 20 enters the 1dle state. Then, at a time t15 at which
the low-speed determination period 13 has elapsed from the
time t14, the boat 100 enters the low-speed state M3, and the
orientation B of the deflector 56 i1s changed from the
orientation Bd3 to the onentation Bd2.

In the structure of the boat 100 according to the first
preferred embodiment of the present invention, the follow-
ing advantageous eflects are achieved.

According to the first preferred embodiment of the present
invention, the controller 40 1s configured or programmed to
control the operation of the trim actuator 56a based on the
throttle opening deviation ATH. Accordingly, the trim angle
of the boat body 10 1s automatically controlled without
newly providing a steering angle sensor 1n the steering unit
60. Consequently, the trim angle 0 of the boat body 10 1s
automatically controlled while a complex structure of the
boat 100 1s significantly reduced or prevented.

According to the first preferred embodiment of the present
invention, the controller 40 1s configured or programmed to
control the operation of the trim actuator 56a based on the
throttle opening deviation ATH such that the trim angle 0 of
the boat 100 1s controlled based on a change (acceleration or
deceleration) 1n the boat speed. Accordingly, the trim angle
0 of the boat 100 1s controlled based on deceleration of the
boat 100 before the start of turning of the boat 100, for
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example. Consequently, the trim angle 0 1s decreased before
the boat 100 starts to turn, and thus the trim angle 0 of the
boat 100 1s sufliciently reduced at a time at which the boat
100 starts to turn. Thus, the boat 100 starts to turn 1n a state
in which a contact area between the boat body 10 (hull 12)
and the water surface W 1s relatively large, and thus the
water contact resistance of the boat 100 1s increased, and an
increase in the turning diameter of the boat 100 (an increase
in the time required for the boat 100 to turn) 1s significantly
reduced or prevented.

According to the first preferred embodiment of the present
invention, the controller 40 1s configured or programmed to
acquire the throttle opening deviation ATH and control the
operation of the trim actuator 36a based on the throttle
opening deviation ATH. Accordingly, the existing throttle
opening sensor 25 1s able to be used, and thus the trim angle
0 of the boat body 10 1s automatically controlled without
newly providing a steering angle sensor in the steering unit
60.

According to the first preferred embodiment of the present
invention, the controller 40 1s configured or programmed to
control the operation of the trim actuator 364 so as to change
the orientation B of the deflector 56 to the orientation Bd3
based on the throttle opening deviation ATH entering into
the condition corresponding to deceleration of the boat body
10. Accordingly, before the boat 100 turns, the orientation B
of the deflector 56 1s changed to the orientation Bd3 based
on deceleration of the boat body 10 occurring betfore turning
of the boat 100. Consequently, an increase in the turning
diameter of the boat 100 (an 1ncrease 1n the time required for
the boat 100 to turn) 1s effectively significantly reduced or
prevented.

According to the first preferred embodiment of the present
invention, the controller 40 1s configured or programmed to
control the operation of the trim actuator 364 so as to change
the orientation B of the detlector 56 from the orientation Bd3
to the orientation Bul based on the throttle opening devia-
tion ATH entering into the condition corresponding to
stopping deceleration of the boat body 10 when operating
the trim actuator 56a to change the orientation B of the
deflector 56 to the orientation Bd3. Accordingly, the oren-
tation B of the deflector 56 1s changed to the orientation Bul
when the boat 100 starts to accelerate while turning, and thus
the boat 100 more quickly accelerates after decelerating and
then accelerating.

According to the first preferred embodiment of the present
invention, the controller 40 1s configured or programmed to
control the operation of the trim actuator 364 so as to change
the orientation B of the deflector 56 to the orientation Bd3
based on the throttle opening deviation ATH being less than
the deceleration determination threshold DTH continuously
tor the deceleration determination period T1 as the condition
corresponding to deceleration of the boat body 10. Accord-
ingly, the orientation B of the deflector 56 1s changed to the
orientation Bd3 at a more appropriate time than a time at
which the boat body 10 decelerates. In addition, the orien-
tation B of the deflector 56 1s not changed until the decel-
eration determination period 11 elapses, and thus a frequent
change 1n the orientation B of the deflector 56 (the occur-
rence of chattering) 1s significantly reduced or prevented.

According to the first preferred embodiment of the present
invention, the controller 40 1s configured or programmed to
control the operation of the trim actuator 364 so as to change
the orientation B of the deflector 56 to the orientation Bd3
based on the throttle opening deviation ATH being less than
the deceleration determination threshold DTH continuously
for the deceleration determination period T1 from the time
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before turning of the boat body 10 as the condition corre-
sponding to deceleration of the boat body 10. Accordingly,
the orientation B of the deflector 56 1s changed to the
orientation Bd3 at a more appropriate time (at a time at
which the deceleration determination period T1 has elapsed)
alter the time at which the boat body 10 decelerates.
Furthermore, the orientation of the deflector 56 1s not
changed until the deceleration determination period T1
clapses after the deceleration, and thus a frequent change 1n
the orientation of the detlector 56 (the occurrence of chat-
tering) 1s significantly reduced or prevented.

According to the first preferred embodiment of the present
invention, the controller 40 1s configured or programmed to
control the operation of the trim actuator 56a so as to change
the orientation B of the detlector 56 to the orientation Bd3
when the engine rotational speed Ne 1s equal to or more than
the high-speed determination threshold HNe and the throttle
opening deviation ATH enters into the condition correspond-
ing to deceleration of the boat body 10. Accordingly, when
the turning diameter 1s likely to be relatively large, the trim
angle 0 1s eflectively controlled so as to significantly reduce
or prevent an increase in the turning diameter.

According to the first preferred embodiment of the present
invention, the controller 40 1s configured or programmed to
control the operation of the trim actuator 364 so as to change
the orientation B of the detlector 56 from the orientation Bd3
to the orientation Bd2 based on the engine rotational speed
Ne becoming the low-speed determination threshold LNe or
the engine 20 entering the 1dle state when operating the trim
actuator 56a to change the orientation B of the detlector 56
to the orientation Bd3. Accordingly, the orientation B of the
deflector 56 1s changed to the orientation Bd2 different from
the orientation Bd3 when the boat 100 is traveling at a low
speed or when the boat 100 1s stopped. Consequently, the
orientation B of the deflector 56 i1s controlled such that the
trim angle 0 1s appropriate even when the boat 100 1s
traveling at a low speed or when the boat 100 1s stopped.

According to the first preferred embodiment of the present
invention, the controller 40 1s configured or programmed to
control the operation of the trim actuator 56a so as to change
the orientation B of the detlector 56 from the orientation Bd3
to the orientation Bd2 based on the engine rotational speed
Ne being the low-speed determination threshold LNe con-
tinuously for the low-speed determination period T3 or the
engine 20 being in the 1dle state continuously for the
low-speed determination period T3 when operating the trim
actuator 56a to change the orientation B of the detlector 56
to the orientation Bd3. Accordingly, the orientation B of the
deflector 56 1s not immediately changed 1n response to the
engine rotational speed Ne becoming the low-speed deter-
mination threshold LNe or the engine 20 entering the idle
state. Consequently, when the boat 100 decelerates and then
accelerates, the deflector 56 1s oriented 1n an appropriate
orientation. In addition, the orientation B of the deflector 56
1s not changed until the low-speed determination period T3
clapses, and thus a frequent change in the orientation B of
the detlector 56 (the occurrence of chattering) i1s signifi-
cantly reduced or prevented.

According to the first preferred embodiment of the present
invention, the controller 40 1s configured or programmed to
control the operation of the trim actuator 364 so as to change
the orientation B of the detlector 56 to the orientation Bul
based on the throttle opening deviation ATH entering into
the condition corresponding to acceleration of the boat body
10. Accordingly, the trim angle 0 of the boat body 10 1s
casily changed to the trim angle 0 of the boat body 10
suitable for when the boat 100 accelerates. Consequently,
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when the boat 100 accelerates after turning, for example, the
trim angle O of the boat body 10 1s appropriately and
automatically controlled.

According to the first preferred embodiment of the present
invention, the controller 40 1s configured or programmed to
control the operation of the trim actuator 564 so as to change
the orientation B of the deflector 56 to the orientation Bul
based on the throttle opening deviation ATH being equal to
or more than the acceleration determination threshold ATH
continuously for the acceleration determination period 12 as
the condition corresponding to acceleration of the boat body
10. Accordingly, the orientation B of the deflector 56 1s
changed to the orientation Bul after the boat 100 starts to
accelerate and the acceleration determination period T2
clapses. Consequently, the trim angle 0 of the boat body 10
1s automatically controlled to be suitable for acceleration
while an increase in the turning diameter 1s significantly
reduced or prevented. Furthermore, the orientation B of the
deflector 56 1s not changed until the acceleration determi-
nation period T2 elapses, and thus a frequent change in the
orientation B of the detlector 56 (the occurrence of chatter-
ing) 1s significantly reduced or prevented.

According to the first preferred embodiment of the present
invention, the controller 40 1s configured or programmed to
control the operation of the trim actuator 364 so as to change
the orientation B of the deflector 56 to the orientation Bul
based on the throttle opening deviation ATH being equal to
or more than the acceleration determination threshold ATH
continuously for the acceleration determination period T2
alter turning of the boat body 10 1s completed as the
condition corresponding to acceleration of the boat body 10.
Accordingly, the orientation B of the detlector 56 1s changed
to the orientation Bul after turning of the boat body 10 1s
completed and the acceleration determination period T2
clapses from the time at which the acceleration 1s started,
and thus an increase in the turning diameter due to a change
in the orientation B of the detlector 56 during turning of the
boat body 10 1s significantly reduced or prevented.

According to the first preferred embodiment of the present
invention, the controller 40 1s configured or programmed to
control the operation of the trim actuator 56a so as to change
the orientation B of the deflector 56 to the orientation Bd3
based on the throttle opening deviation ATH entering into
the condition corresponding to deceleration of the boat body
10. Furthermore, the controller 40 1s configured or pro-
grammed to control the operation of the trim actuator 56a so
as to change the onentation B of the deflector 56 to the
orientation Bul based on the throttle opening deviation ATH
entering 1nto the condition corresponding to acceleration of
the boat body 10 when operating the trim actuator 56a to
change the orientation B of the deflector 56 to the ornientation
Bd3. Accordingly, the orientation B of the detlector 56 is
changed to the orientation B of the detlector 56 suitable for
when the boat 100 decelerates and then accelerates. Conse-
quently, when the boat 100 decelerates and then accelerates
to turn, for example, the orientation B of the deflector 56 1s
changed to an appropriate orientation from the start of
turning to the end of turning.

According to the first preferred embodiment of the present
invention, the controller 40 1s configured or programmed to
control the operation of the trim actuator 56a based on the
engine rotational speed Ne and the throttle opening devia-
tion ATH so as to change the orientation B of the deflector
56 to an orientation corresponding to any one of the high-
speed state M1 1n which the boat speed 1s high, the decel-
eration state M2 in which the boat speed 1s reducing from a
high speed, and the low-speed state M3 1n which the boat
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speed 1s low. Accordingly, the orientation B of the detlector
56 1s changed to an appropriate orientation for the high-
speed state M1, the deceleration state M2, or the low-speed
state M3.

According to the first preferred embodiment of the present
invention, the controller 40 1s configured or programmed to

control the operation of the trim actuator 364 so as to change
the orientation B of the detlector 56 from the orientation Bul
corresponding to the high-speed state M1 to the orientation
Bd3 correspondmg to the deceleration state M2 based on the
throttle opening A of the engine 20 entering into the con-
dition corresponding to deceleration of the boat body 10 as
the throttle opening deviation ATH 1n the hlgh-speed state
M1. Accordingly, the throttle opening A of the engine 20 1s
acquired such that a change from the high-speed state M1 to
the deceleration state M2 1s easily detected.

According to the first preferred embodiment of the present
invention, the controller 40 1s configured or programmed to
perform a control to perform the filtering process on the
engine rotational speed Ne in the deceleration state M2.
Furthermore, the controller 40 1s configured or programmed
to control the operation of the trim actuator 56a so as to
change the orientation B of the deflector 56 from the
orientation Bd3 corresponding to the low-speed state M3 to
the orientation Bul corresponding to the high-speed state
M1 based on the engine rotational speed Ne becoming the
high-speed determination threshold HNe after the filtering
process. Accordingly, the filtering process 1s performed on
the engine rotational speed Ne such that unnecessary 1ire-
quency components are removed from information about the
engine rotational speed Ne. Consequently, an erroneous
change of the orientation B of the deflector 56 to the
orientation Bul corresponding to the high-speed state M1
based on a value of the rotational speed of the engine 20 that
varies 1nstantaneously due to unnecessary frequency com-
ponents such as noise 1s significantly reduced or prevented.

According to the first preferred embodiment of the present
invention, the orientation Bul corresponding to the high-
speed state M1 1s set as the orientation B of the detlector 56
directed upward relative to the orientation Bd2 correspond-
ing to the low-speed state M3. Furthermore, the orientation
Bd3 corresponding to the deceleration state M2 1s set as the
orientation B of the detlector 56 directed downward relative
to the orientation Bul corresponding to the high-speed state
M1. In addition, the orientation Bd2 corresponding to the
low-speed state M3 1s set as the orientation B of the deflector
56 directed upward relative to the orientation Bd3 corre-
sponding to the deceleration state M2. Accordingly, the trim
angle 0 of the boat body 10 1s larger 1n the high-speed state
M1 than that 1n the low-speed state M3, and thus the water
contact resistance of the boat body 10 1s decreased. Further-
more, 1n the deceleration state M2, the trim angle 0 1s
smaller than that in the high-speed state M1, and thus an
increase in attitude change that occurs during deceleration 1s
significantly reduced or prevented. In the low-speed state
M3, the trim angle 0O 1s larger than that 1n the deceleration
state M2, and thus an excessive reduction 1n the trim angle
0 1s sigmificantly reduced or prevented 1n the low-speed state
M3.

In the trim angle control method according to the first
preferred embodiment of the present invention, the follow-
ing advantageous eflects are achieved.

According to the first preferred embodiment of the present
invention, the trim angle control method for the boat 100 as
described above enables the trim angle 0 of the boat body 10
to be automatically controlled while a complex structure 1s
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significantly reduced or prevented, similarly to the structure
of the boat 100 described above.

Second Preferred Embodiment

The structure of a boat 200 according to a second pre-
terred embodiment of the present invention 1s now described
with reference to FIGS. 12 and 13. In the second preferred
embodiment, the orientation B of a deflector 56 1s changed
based on a displacement dTH of a throttle opening A, unlike
the first preferred embodiment 1n which the orientation B of
the deflector 56 1s changed based on the engine rotational
speed Ne and the throttle opening deviation ATH. In the
second preferred embodiment, the same or similar structures
as those of the first preferred embodiment are denoted by the
same reference numerals, and description thereof 1s omitted.

In the second preterred embodiment, as shown 1n FIG. 12,
the boat 200 includes a controller 240. As shown in FIG. 13,
the controller 240 1s configured or programmed to control
the operation of a trim actuator 56a so as to change the
orientation B of the deflector 56 from an orientation Bul to
an orientation Bd3 when the displacement dTH of the
throttle opening A 1s less than a deceleration determination
threshold DdTH continuously for a deceleration determina-
tion period T11 1n a hlgh speed state M1.

The controller 240 1s configured or programmed to con-
trol the operation of the trim actuator 56a so as to change the
orientation B of the deflector 536 from the orientation Bd3 to
the orientation Bul when the displacement dTH of the
throttle opeming A 1s equal to or more than an acceleration
determination threshold AdTH continuously for an accel-
eration determination period T12 1n a deceleration state M2.
Furthermore, the controller 240 1s configured or pro-
grammed to control the operation of the trim actuator 56a so
as to change the orientation B of the detflector 56 from the
orientation Bd3 to an orientation Bd2 when an engine 20 1s
in an 1dle state continuously for a low-speed determination
period T13 1n the deceleration state M2.

The controller 240 1s configured or programmed to con-
trol the operation of the trim actuator 56a so as to change the
orientation B of the deflector 536 from the orientation Bd2 to
the orientation Bul when the displacement dTH of the
throttle opening A 1s equal to or more than a high-speed
determination threshold HdTH continuously for a high-
speed determination period T14 1 a low-speed state M3.
The remaining structures of the second preferred embodi-
ment are similar to those of the first preferred embodiment.

In the structure of the boat 200 according to the second
preferred embodiment of the present invention, the follow-
ing advantageous ellects are achieved.

According to the second preferred embodiment of the
present invention, the controller 240 1s configured or pro-
grammed to change the ornientation B of the deflector 56
based on the displacement dTH of the throttle opeming A.
Accordingly, unlike the first preferred embodiment 1n which
the orientation B of the deflector 56 1s changed based on the
engine rotational speed Ne and the throttle opening devia-
tion ATH, it 1s not necessary to refer to an engine rotational
speed Ne, and thus a control process 1s simplified. The
remaining advantageous eflects of the second preferred
embodiment are similar to those of the first preferred
embodiment.

Third Preterred Embodiment

The structure of a boat 300 according to a third preferred
embodiment of the present mvention 1s now described with
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reference to FIGS. 14 and 15. In the third preferred embodi-
ment, the orientation B of a deflector 56 1s changed based on
an engine rotational speed Ne and the amount of change dNe
in the engine rotational speed Ne, unlike the first preferred
embodiment 1n which the ornientation B of the deflector 56 1s
changed based on the engine rotational speed Ne and the
throttle opening deviation ATH. In the third preferred
embodiment, the same or similar structures as those of the
first preferred embodiment are denoted by the same refer-
ence numerals, and description thereof 1s omitted.

In the third preferred embodiment, as shown 1n FIG. 14,
a boat 300 includes a controller 340. As shown 1n FIG. 15,
the controller 340 1s configured or programmed to control
the operation of a trim actuator 56a so as to change the
orientation B of the deflector 56 from an orientation Bul to
an orientation Bd3 when the amount of change dNe 1n the
engine rotational speed Ne 1s less than a deceleration deter-
mination threshold DdNe continuously for a deceleration
determination period 121 1 a high-speed state M1. The
amount of change dNe 1n the engine rotational speed Ne 1s
an example of a “value corresponding to a change 1n a boat
speed”.

The controller 340 1s configured or programmed to con-
trol the operation of the trim actuator 56a so as to change the
orientation B of the detlector 36 from the orientation Bd3 to
the orientation Bul when the amount of change dNe 1n the
engine rotational speed Ne 1s equal to or more than an
acceleration determination threshold AdNe continuously for
an acceleration determination period T22 i a deceleration
state M2. Furthermore, the controller 340 1s configured or
programmed to control the operation of the trim actuator 564
so as to change the orientation B of the deflector 56 from the
orientation Bd3 to the onentation Bd2 when the engine
rotational speed Ne 1s less than a low-speed determination
threshold LNe continuously for a low-speed determination
period 123 1n the deceleration state M2.

The controller 340 1s configured or programmed to con-
trol the operation of the trim actuator 56a so as to change the
orientation B of the detlector 36 from the orientation Bd2 to
the orientation Bul when the engine rotational speed Ne 1s
equal to or more than a high-speed determination threshold
HNe continuously for a high-speed determination period
124 1n a low-speed state M3. The remaining structures of the
third preferred embodiment are similar to those of the first
preferred embodiment.

According to the third preferred embodiment of the
present invention, the following advantageous eflects are
achieved.

According to the third preferred embodiment of the
present invention, the controller 340 1s configured or pro-
grammed to change the orientation B of the deflector 56
based on the amount of change dNe 1n the engine rotational
speed Ne. Accordingly, unlike the first preferred embodi-
ment 1 which the ornientation B of the deflector 356 1s
changed based on the engine rotational speed Ne and the
throttle opening deviation ATH, 1t 1s not necessary to refer
to the throttle opening deviation ATH, and thus a control
process 1s simplified. The remaining advantageous eflects of
the third preferred embodiment are similar to those of the
first preferred embodiment.

The preferred embodiments of the present invention
described above are illustrative in all points and not restric-
tive. The extent of the present invention 1s not defined by the
above description of the preferred embodiments but by the
scope of the claims, and all modifications within the mean-
ing and range equivalent to the scope of the claims are

further included.
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For example, while 1n the determination period map, the
deceleration determination period (acceleration determina-
tion period) 1s preferably longer as the engine rotational
speed 1s higher 1n the first preferred embodiment described
above, the present mvention 1s not restricted to this. For
example, as 1 a determination period map 3415 according
to a first modified example shown 1n FIG. 16, the decelera-
tion determination period (acceleration determination
period) may alternatively be shorter as the engine rotational
speed Ne 1s higher.

While in the determination threshold map, the amount of
increase 1n the deceleration determination threshold (accel-
eration determination threshold) 1s preferably larger as the
engine rotational speed 1s higher in the first preferred
embodiment described above, the present invention i1s not
restricted to this. For example, as 1n a determination thresh-
old map 341c¢ according to a second modified example
shown 1n FIG. 17, the amount of increase 1n the deceleration
determination threshold (acceleration determination thresh-
old) may not change.

While the propulsion mechanism 1s preferably a jet pro-
pulsion device 1n the first to third preferred embodiments
described above, the present invention 1s not restricted to
this. For example, the propulsion mechanism may alterna-
tively be an outboard motor. In such a case, the boat may
alternatively change the orientation of an outboard motor
body as a trim changer 1n order to change the trim angle of
the boat body.

While the orientation of the deflector as a deceleration
orientation 1s preferably the orientation Bd3, the onentation
of the deflector as an acceleration orientation 1s preferably
the orientation Bul, and the orientation of the deflector as a
low-speed orientation 1s preferably the orientation Bd2 in
the first to third preferred embodiments described above, the
present 1nvention 1s not restricted to this. For example, the
orientation of the detlector as a deceleration orientation may
alternatively be the orientation Bd2 or Bdl1, the ornientation
of the detlector as an acceleration orientation may alterna-
tively be the orientation Bu2, or the orientation of the
deflector as a low-speed orientation may alternatively be the
orientation Bd3 or Bd2.

While at least one of the amount of change 1n the engine
rotational speed or the throttle opening (the deviation or the
displacement) 1s preferably acquired as a value correspond-
ing to a change 1n a boat speed in each of the first to third
preferred embodiments described above, the present inven-
tion 1s not restricted to this. For example, when an existing,
accelerometer or state measurement sensor (IMU: inertial
measurement unit) 1s installed 1n the boat, a value detected
by the accelerometer or state measurement sensor may
alternatively be acquired as a value corresponding to a
change 1n a boat speed.

While the deceleration determination period, the accel-
cration determination period, the low-speed determination
period, and the high-speed determination period are preter-
ably provided 1n each of the first to third preferred embodi-
ments described above, the present nvention 1s not
restricted to this. For example, the orientation of the deflec-
tor may alternatively be immediately changed based on the
throttle opening (the deviation or the displacement) or the
amount of change i1n the engine rotational speed without
providing the deceleration determination period, the accel-
eration determination period, the low-speed determination
period, and the high-speed determination period.

While the deceleration determination threshold, the accel-
eration determination threshold, the low-speed determina-
tion threshold, and the high-speed determination threshold
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are preferably provided in each of the first to third preferred
embodiments described above, the present invention 1s not
restricted to this. For example, the orientation of the deflec-
tor may alternatively be changed in proportion to the mag-
nitude of the throttle opening (the deviation or the displace-
ment) or the magnitude of the amount of change in the
engine rotational speed without providing the deceleration
determination threshold, the acceleration determination
threshold, the low-speed determination threshold, and the
high-speed determination threshold.
While the low-speed state 1s preferably not changed to the
deceleration state and the high-speed state 1s preferably not
changed to the low-speed state 1n each of the first to third
preferred embodiments described above, the present mven-
tion 1s not restricted to this. For example, a change from the
low-speed state to the deceleration state may alternatively be
determined based on the engine rotational speed or the
throttle opeming (the deviation or the displacement), and the
orientation of the deflector may alternatively be changed to
an orientation corresponding to the deceleration state. Alter-
natively, a change from the high-speed state to the low-speed
state may be determined based on the engine rotational
speed or the throttle opening (the deviation or the displace-
ment), and the orientation of the deflector may be changed
to an orientation corresponding to the low-speed state.
While the process of acquiring the moving average value
of the engine rotational speed 1s preferably used as an
example of the filtering process 1n the first preferred embodi-
ment described above, the present invention 1s not restricted
to this. For example, a process ol invalidating only a
temporary sharp change in the engine rotational speed (a
process of removing a high frequency) may alternatively be
performed as the filtering process.
While the process operations performed by the controller
are described using a flowchart 1n a flow-driven manner 1n
which processes are performed in order along a process flow
for the convenience of illustration in each of the first to third
preferred embodiments described above, the present inven-
tion 1s not restricted to this. The process operations per-
formed by the controller may alternatively be performed 1n
an event-driven manner in which the processes are per-
formed on an event basis. In this case, the process operations
performed by the controller may be performed 1n a complete
event-driven manner or 1n a combination of an event-driven
manner and a flow-driven manner.
While preferred embodiments of the present invention
have been described above, 1t 1s to be understood that
variations and modifications will be apparent to those skilled
in the art without departing from the scope and spirit of the
present invention. The scope of the present invention, there-
fore, 1s to be determined solely by the following claims.
What 1s claimed 1s:
1. A boat comprising:
an engine;
a propulsion device to generate, by driving of the engine,
a propulsive force to propel a boat body;

a trim changer to change a trim angle of the boat body, the
trim changer being changeable 1n incremental levels to
a predetermined number of set orientations;

a trim actuator to drive the trim changer; and

a controller configured or programmed to control an
operation of the trim actuator based on a value corre-
sponding to a change 1n a boat speed per unit time to
change the trim changer, in the incremental levels, to
one of the predetermined number of set orientations.

2. The boat according to claim 1, wherein the controller
1s configured or programmed to acquire, as the value cor-
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responding to the change in the boat speed per unit time, at
least one of an amount of change 1n a rotational speed of the
engine or a throttle opeming of the engine, and to control the
operation of the trim actuator based on at least one of the
amount of change 1n the rotational speed of the engine or the
throttle opening of the engine.

3. The boat according to claim 1, wherein the controller
1s configured or programmed to control the operation of the
trim actuator so as to change an orientation of the trim
changer to a deceleration orientation based on the value
corresponding to the change 1n the boat speed per unmit time
entering into a condition corresponding to deceleration of

the boat body.

4. The boat according to claim 3, wherein the controller
1s configured or programmed to control the operation of the
trim actuator so as to change the orientation of the trim
changer from the deceleration orientation to an acceleration
orientation based on the value corresponding to the change
in the boat speed per unit time entering mto a condition
corresponding to stopping of the deceleration of the boat
body when operating the trim actuator to change the orien-
tation of the trim actuator to the deceleration orientation.

5. The boat according to claim 3, wherein the controller
1s configured or programmed to control the operation of the
trim actuator so as to change the orientation of the trim
changer to the deceleration orientation based on the value
corresponding to the change 1n the boat speed per unit time
being a value corresponding to the deceleration of the boat
body continuously for a first period of time as the condition
corresponding to the deceleration of the boat body.

6. The boat according to claim 5, wherein the controller
1s configured or programmed to control the operation of the
trim actuator so as to change the ornentation of the trim
changer to the deceleration orientation based on the value
corresponding to the change 1n the boat speed per unit time
being the value corresponding to the deceleration of the boat
body continuously for the first period of time from a time
betfore turning of the boat body as the condition correspond-
ing to the deceleration of the boat body.

7. The boat according to claim 3, wherein the controller
1s configured or programmed to control the operation of the
trim actuator so as to change the ornientation of the trim
changer to the deceleration orientation when a value corre-
sponding to the boat speed 1s a value corresponding to a high
speed and the value corresponding to the change in the boat
speed per unit time enters nto the condition corresponding
to the deceleration of the boat body.

8. The boat according to claim 3, wherein the controller
1s configured or programmed to control the operation of the
trim actuator so as to change the ornentation of the trim
changer from the deceleration orientation to a low-speed
orientation based on a value corresponding to the boat speed
becoming a value corresponding to a low speed or the engine
entering an idle state when operating the trim actuator to
change the orientation of the trim changer to the deceleration
orientation.

9. The boat according to claim 8, wherein the controller
1s configured or programmed to control the operation of the
trim actuator so as to change the ornentation of the trim
changer from the deceleration orientation to the low-speed
orientation based on the value corresponding to the boat
speed being the value corresponding to the low speed
continuously for a second period of time or the engine being
in the idle state continuously for the second period of time
when operating the trim actuator to change the orientation of
the trim changer to the deceleration orientation.
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10. The boat according to claim 1, wherein the controller
1s configured or programmed to control the operation of the
trim actuator so as to change an onentation of the trim
changer to an acceleration orientation based on the value
corresponding to the change 1n the boat speed per unit time
entering 1mto a condition corresponding to acceleration of

the boat body.

11. The boat according to claim 10, wherein the controller
1s configured or programmed to control the operation of the
trim actuator so as to change the ornentation of the trim
changer to the acceleration orientation based on the value
corresponding to the change 1n the boat speed per unit time
being a value corresponding to the acceleration of the boat
body continuously for a third period of time as the condition
corresponding to the acceleration of the boat body.

12. The boat according to claim 11, wherein the controller
1s configured or programmed to control the operation of the
trim actuator so as to change the ornentation of the trim
changer to the acceleration orientation based on the value
corresponding to the change 1n the boat speed per unit time
being the value corresponding to the acceleration of the boat
body continuously for the third period of time after turming
of the boat body 1s completed as the condition corresponding
to the acceleration of the boat body.

13. The boat according to claim 10, wherein the controller
1s configured or programmed to control the operation of the
trim actuator so as to change the orientation of the trim
changer to a deceleration orientation based on the value
corresponding to the change 1n the boat speed per unit time
entering 1to a condition corresponding to deceleration of
the boat body, and to control the operation of the trim
actuator so as to change the orientation of the trim changer
to the acceleration orientation based on the value corre-
sponding to the change in the boat speed per umt time
entering 1nto the condition corresponding to the acceleration
of the boat body when operating the trim actuator to change
the orientation of the trim changer to the deceleration
orientation.

14. The boat according to claim 1, wherein the controller
1s configured or programmed to control the operation of the
trim actuator based on a value corresponding to the boat
speed and the value corresponding to the change 1n the boat
speed per unit time so as to change an orientation of the trim
changer to an orientation corresponding to any one of a
high-speed state 1n which the boat speed 1s high, a decel-
eration state 1n which the boat speed 1s reducing from a high
speed, and a low-speed state in which the boat speed 1s low.

15. The boat according to claim 14, wherein the controller
1s configured or programmed to control the operation of the
trim actuator so as to change the ornentation of the trim
changer from the orientation corresponding to the high-
speed state to the orientation corresponding to the decelera-
tion state based on a throttle opening of the engine as the
value corresponding to the change in the boat speed per unit
time entering into a condition corresponding to deceleration
of the boat body in the high-speed state.

16. The boat according to claim 14, wherein the controller
1s configured or programmed to perform a control to filter a
rotational speed of the engine as the value corresponding to
the boat speed 1n the deceleration state, and to control the
operation of the trim actuator so as to change the orientation
of the trim changer from the orientation corresponding to the
low-speed state to the orientation corresponding to the
high-speed state based on the rotational speed of the engine
becoming a value corresponding to the high speed after the
filtering of the rotational speed of the engine.
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17. The boat according to claim 14, wherein

the orientation corresponding to the high-speed state 1s set
as the ornientation of the trim changer directed upward
relative to the orientation corresponding to the low-
speed state;

the orientation corresponding to the deceleration state 1s
set as the ornentation of the trim changer directed
downward relative to the orientation corresponding to

the high-speed state; and

the orientation corresponding to the low-speed state 1s set
as the orientation of the trim changer directed upward
relative to the ornientation corresponding to the decel-
cration state.

18. A trim angle control method for a boat including a trim
changer that changes a trim angle of a boat body and a trim
actuator that drives the trim changer, the trim changer being
changeable in incremental levels to a predetermined number
ol set orientations, the method comprising:

acquiring a value corresponding to a change 1 a boat

speed per umt time; and

changing, 1n the incremental levels, the trim changer to

one of the predetermined number of set orientations by
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controlling operation of the trim actuator based on the
value corresponding to the change 1n the boat speed per
unit time.

19. The trim angle control method for the boat according
to claim 18, wherein

the acquiring of the value corresponding to the change 1n

the boat speed per unit time 1ncludes acquiring at least
one ol an amount of change 1n a rotational speed of an
engine or a throttle opening of the engine; and

the changing of the trim angle of the boat body includes

controlling the operation of the trim actuator based on
at least one of the amount of change in the rotational
speed of the engine or the throttle opening of the
engine.

20. The trim angle control method for the boat according,
to claam 18, wherein the changing of the trim angle of the
boat body includes controlling the operation of the trim
actuator so as to change an orientation of the trim changer
to a deceleration orientation based on the value correspond-
ing to the change 1n the boat speed per unit time entering into
a condition corresponding to deceleration of the boat body.
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